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GLYCOGEN IN THE EPIDERMIS OF 
MICE PAINTED WITH METHYLCHOL- 
ANTHRENE ! 


Tuomas 3S. ArGyris,? Department of Biology, Brown 
University, Providence, R. I. 


Glycogen, which is abundant in the epidermis of the newborn, is seldom 
detectable in that of the adult. Although histochemically demonstrable 
glycogen is often found in normal human epidermis (/), that of the mouse 
contains none. In diseases of the epidermis (2), or during injury (38, 4), 
the epidermis of the rodent acquires glycogen during the process of repair. 
In this paper, glycogen has been studied in the epidermis of the mouse 
after one topical application of 20-methylcholanthrene under two condi- 
tions: 1) in skin that possesses hair in the growing phase or anagen, (6), 
2) in skin that possesses hair in the resting stage or telogen. Skin with 
resting hair, after methylcholanthrene treatment, showed marked cellular 
hypertrophy, epilation, and loss of the sebaceous glands, but skin with 
growing hair was resistant to the irritant and it showed only a mild thick- 
ening of the epidermis and a temporary loss of sebaceous glands (5). In 
addition to these changes, the damaged epidermis of the skin with resting 
hair acquired histochemically demonstrable glycogen while that with 
growing hair did not. Glycogen remained for the duration of the injury 
and disappeared when the repair was complete. 


MATERIAL AND METHODS 


The right dorsum of twelve C57 black mice, approximately 3 to 4 
months old, in which the hair was in the resting phase, was plucked, and 
the left side clipped; plucking initiated growth of a new hair follicle but 


! Received for publication October 25, 1951. 


2 The author expresses his appreciation to Dr. William Montagna for his generous help throughout the course 
of this investigation. 
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clipping did not (6). Six days after plucking, a solution of 0.6 percent 
20-methylcholanthrene* in benzene was applied with a camel’s-hair 
brush to the right and left portions of the dorsum of each mouse. To 
make certain that benzene, the vehicle for the methylcholanthrene, was 
not responsible for any of the observed changes, animals possessing both 
growing and resting hair follicles were treated with a single application of 
benzene. Also animals similarly clipped and plucked, but not treated 
with methylcholanthrene, were used as controls. Biopsy specimens were 
removed from both the plucked and clipped areas at 1, 4, 7, and 10 days 
after the application of methylcholanthrene. Four or six biopsy speci- 
mens were taken from each animal. 

Glycogen was demonstrated with the periodic acid-Schiff reagent of 
MeManus (7) in skin fixed in Rossman’s (8) or Bouin’s fluid. Control 
sections were digested in one percent solution of diastase buffered to pH 
7.0 for 1 hour (9) or with saliva for 15 minutes before they were colored 
with the periodic acid-Schiff reagent. 


RESULTS 


The biopsy specimens examined were divided into the following groups: 
1) Untreated skin (controls): 

a) Skin possessing growing hair follicles, and 

b) Skin possessing resting hair follicles. 
2) Methylcholanthrene treated skin: 

a) Skin possessing growing hair follicles, and 

b) Skin possessing resting hair follicles. 

The morphologic changes induced by methylcholanthrene in the skin 
of mice possessing hair follicles in known stages of the hair growth cycle 
have been described elsewhere by Montagna and Chase (4). 

In the untreated control animals, and also in those treated with benzene, 
the hair follicles and epidermis were normal (fig. 1). There was no gly- 
cogen in the epidermis, although the cells of the external sheath of growing 
hair follicles were laden with glycogen (1, 13). 

In plucked skin containing growing follicles, 24 hours after the appli- 
cation of methylcholanthrene there was a mild hypertrophy of the epi- 
dermal cells, and an increase in the keratohyalin granules (fig. 2). These 
changes persisted for 7 days and disappeared by the 10th day after the 
application of the methylcholanthrene. These epidermal cells did not 
contain glycogen. The external sheath of the growing hair follicles, as in 
normal controls, contained abundant glycogen (1, 13). 

In skin with resting hair follicles, the epidermal cells and the cells of 
the hair follicles were slightly hypertrophied 1 day after the application 
of methylcholanthrene. The normal stratification of the epidermis was 
still present, and the cells contained no glycogen. Four days after treat- 
ment with the carcinogen, the hair and sebaceous glands were lost, and 
both the epidermal cells, and the cells of the hair follicles were tremen- 


+ The 20-methylcholanthrene was obtained from the Eastman Kodak Co., Rochester, N. Y. 
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dously hypertrophied, with enlarged, distorted or pyknotic nuclei. The 
normal stratification of the cells was lost and intercellular bridges were 
distinct. With these changes there was a marked reduction in the num- 
ber of keratohyalin granules. Discrete glycogen particles were found 
throughout many of the cells, of both the epidermis and the hair follicles 
(figs. 3, 4). These changes persisted until 7 days after treatment with 
methylcholanthrene. By the 10th day, the epidermis and the hair folli- 
cles were normal and the epidermis no longer contained histochemically 
demonstrable glycogen. The hair follicles which now had begun to grow 
new hairs possessed much glycogen in the external root sheath cells, as 
expected (1, 13). 

The procedure of taking repeated biopsy specimens from the same 
animal did not show detectable changes in the glycogen content of the 
cells of the external root-sheath of the growing hair follicles. 


DISCUSSION 


Much work has been done toward an understanding of the morphologic 
and chemical changes that occur in the skin in response to physical 
and chemical trauma (10, 11). During different stages of hair develop- 
ment, skin responds differentially to trauma (12). Methylcholanthrene 
causes excessive damage to the skin possessing resting hair follicles, while 
little if any damage is seen in skin treated similarly with methylcholan- 
threne, possessing growing hair follicles. Moreover, sebaceous glands 
regenerate sooner if the skin possesses growing hair at the time of injury 
than they do if the skin possesses hair in the resting phase (5). X irradia- 
tion, on the other hand, in doses of 300 r to 1,000 r causes a loss of hair 
in skin possessing growing hair follicles, but not in skin possessing resting 
hair follicles (12). The present work shows that the differential reaction 
of skin to injury may be further characterized by chemical changes. 
Skin possessing resting hair accumulates demonstrable glycogen in the 
epidermis after treatment with methylcholanthrene; similar treatment of 
skin possessing growing hair follicles fails to reveal glycogen in the epider- 
mal cells. 

The epidermal glycogen demonstrated after treatment with methyl- 
cholanthrene could represent an increase in the synthesis of glycogen in 
the epidermal cells. It might, on the other hand, represent glycogen that 
is formed in the cells at normal rates, but that is dammed rather than 
being utilized for synthetic processes such as keratinization. 


SUMMARY 


Four days after one painting with methylcholanthrene, the skin of C57 
black mice, possessing hair follicles in the resting stage, lost its hair and 
sebaceous glands. Its epidermal cells became disoriented and hyper- 
trophied, and the number of keratohyalin granules was reduced. Con- 
comitant with these changes, the epidermal cells accumulated histochemi- 


cally demonstrable glycogen. 
204096—52—3 
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Skin possessing growing hair follicles, similarly treated with methyl- 
cholanthrene, temporarily lost its sebaceous glands; its epidermis became 
mildly hypertrophied and keratohyalin granules of the epidermis increased. 
The epidermis contained no histochemically demonstrable glycogen. 
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Figure 1.—Epidermis of untreated skin of a C57 black mouse. Hair follicle in resting 
phase. Periodic acid-Schiff reaction. X 650 


Figure 2.—Epidermis of skin of a C57 black mouse 4 days after painting with 
methylcholanthrene. Hair follicle in growing phase. Periodic acid-Schiff reaction. 
xX 650 














JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 12 PLATE 121 





és 











Argyris 1163 


204096-—S52 4 

















1164 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 122 


Figure 3.—Epidermis of skin with resting hair follicles of a C57 black mouse 4 days 
after painting with methylcholanthrene. Compare with figure 1 to note increase 
in cell size and presence of discrete glycogen granules. Periodic acid-Schiff reaction. 

650 


Figure 4.—Hair follicle in skin with resting hair follicle of a C57 black mouse, 4 days 
after painting with methylcholanthrene. Note disorganized cell arrangement and 


presence of discrete glycogen granules. Periodic acid-Schiff reaction. < 650 
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ELECTRON MICROSCOPIC STUDY OF THE 
SHOPE PAPILLOMA VIRUS! 


HERBERT Kawter and B. J. Luoyp, Jr., 
National Cancer Institute,? Bethesda, Md. 


The Shope papilloma virus in the rabbit has been shown to be among 
the most homogeneous of the animal viruses by the criteria of ultracentrifu- 
gation, electrophoresis and electron microscopy (1). The electron micro- 
graphs indicated flattened spherical particles (2). Unshadowed speci- 
mens measured 44 my in diameter (3) but in a later review of the work 
Beard (1) stated that this measurement may have been inaccurate due to 
difficulties in measuring unshadowed specimens and to errors in calibration 
of the microscope. Recently Knight (4), quoting the work of Williams 
and Backus, stated that the diameter of the virus particles, shadowed 
with palladium, varied from 73 my for ordinary air drying to 52 mp when 
the particles were sprayed in fine droplets on the screens and lyophilized. 

The object of this investigation was to determine the size and shape of 
the dried-virus particle. The course of the study subsequently included 
the effects of metal shadowing on the morphology of the particle and the 
use of a staining solution for increase in contrast of the image of un- 
shadowed preparations. 


MATERIALS AND METHODS 


Preparation of material.—The virus obtained from the papillomas was 
concentrated by alternate low- and high- speed centrifugation according to 
the procedure of Beard, Bryan, and Wyckoff (5). Small drops of the final 
virus suspension in distilled water were put on nickel screens coated with 
formvar. These preparations were shadowed with chromium by the 
single- and double-shadow methods (6), using various thicknesses of metal. 
Other samples were coated with thin layers of metal by the double-coating 
method (6). In a few cases the amount of metal evaporated from the 
filament cone containing the chromium was determined by weighing the 
tungsten filament before and after evaporation. These weights were the 
same within 2 percent, showing that only the weighed amount of chro- 
mium was evaporated. 

Staining of the virus particles was investigated. The most satisfactory 
stain was found to be the uranyl salts, either uranyl nitrate or acetate. 


1 Received for publication January 4, 1952. 
2 National Institutes of Health, Public Health Service, Federal Security Agency. 
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After drops of the virus suspension were dried on the formvar film cover- 
ing the nickel screens, a uranyl-nitrate solution (50 mgm. per 100 ml.) 
was added to the screen and allowed to remain for 10 minutes. Following 
this, the uranyl-nitrate solution was washed off the screens by flowing 
distilled water over the surface. 

The electron micrographs were taken on a type E. M. U. instrument 
equipped with a compensated objective pole piece to reduce astigmatism. 
All photographs were photographically reproduced at 59,000 X. 


RESULTS 


A photograph of unstained virus is shown in figure 1, the diameter of 
the particles being about 45 mu. A close inspection of the original 
negatives revealed that these particles were not over 50 mu in diameter 
at the upper limit. 

When such a preparation was stained with uranyl nitrate, a great in- 
crease in contrast occurred with 6 to 10 dense areas about 8 my in diameter 
in each particle (fig. 2). The diameter of these virus particles was 46.9 + 5 
mu; thus, no significant difference in size could be detected between the 
stained and unstained preparations. It should be pointed out that it is 
necessary to add the uranyl-nitrate solution to the dried virus preparation 
on the screen. If a virus suspension is mixed with uranyl-nitrate solution 
pH 4.1, the virus is precipitated in large clumps yielding unsatisfactory 
photographs. 

According to Rothstein and Meier (7), the surface groups on cells which 
are active in forming complexes with the uranyl ion are hydroxyl, carboxyl 
and phosphate. The stability of certain uranyl-ion complexes increased 
as the pH changed from 2.5 to 4.5. From our photographs, it appears that 
the most apparent effect of this complex formation between the uranyl ion 
and groups in the papilloma virus is simply to increase the electron- 
scattering power of the particles. More evidence bearing on this point is 
presented in a later paragraph. 

In order to obtain information on the flattening of the particles, shadow- 
ing with chromium was carried out. It was soon noticed that shadowing 
causes a great increase in apparent size of the particles (fig. 3). Here 
the apparent size is 75 my in a direction perpendicular to the shadowing 
beam. This is comparable to the value of 73 my reported by Knight 
(4), using palladium shadowing. A well-known formula for calculating 
the maximum thickness of metal on the particle is available; T=W/4zr'd, 
where T=thickness of metal in centimeters on the side of the particle 
nearest the source of metallic evaporation, W=weight of metal in grams, 
r=distance in centimeters from the particle to the source of evaporation, 
and d=the density of the metal. In deriving this formula it is assumed 
that metallic atoms in the evaporation beam stop at the point of impinge- 
ment, and that the metallic layer on the virus particle is smooth and has 
the same density as the original metal before evaporation. The validity 
of these assumptions is doubtful, so that the formula gives, at best, a rough 
approximation to the true value. 
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The manner in which this formula may deviate from the facts is the 
following: metal ions move on the surface after impingement, this being 
a function of the chemical nature and temperature of the surface, kind of 
metal, velocity and angle of impingement. Granulation, or the building 
up of crystallites from nuclei of condensation, results in irregular growth 
of the metal on the virus particle so that the layer is thicker than the same 
weight of metal in a mathematically smooth layer. 

The assumption has always been made that the diameter measured 
across the particle in a direction normal to the shadowing beam is un- 
affected by the metallic deposit, since, at the ends of the diameter, the 
beam is tangential to the particle. An inspection of figure 3, as well as 
of many photographs already published, indicates that this assumption 
cannot be correct. If there were no metal at the ends of the diameter, the 
contrast in the photograph at these positions on the particle would be no 
greater than that of an unshadowed particle. As can be seen, the actual 
contrast is many times that of an unshadowed particle (cf. ends of diam- 
eter in figs. 3 and 1). This definitely indicates a deposition of large 
amounts of metal in these positions. 

On the evaporation of 7.8 mgm. of chromium, at an angle whose tan is 
2/10, this formula gives a maximum thickness of metal on the side of the 
particle nearest the filament of 9 my, and in a direction at right angles to 
the evaporation beam the chromium thickness should approach zero. 
Since the apparent size in the perpendicular direction is 75 my or 28 mu 
larger than the unshadowed size of 47 my, this indicates that the correct 
size of the particle cannot be obtained by correcting for calculated metal 
thickness on the basis of the evaporation formula. 

Extremely light coatings of metal were employed using the double- 
coating method (fig. 4). Even in such an instance, where two filaments on 
opposite sides of the screens each evaporated only 0.4 milligrams of Cr, 
there is an appreciable enlargement of the apparent size. The calculated 
increase in size should be of the order of 1 my, which would be undetectable 
in the photographs. 

Thus, it seems that both very light and moderately heavy coatings of 
the shadowing metal increase the apparent size of the particle by more 
than the calculated value, so that a gross error is made if the size is 
estimated on this basis. The error is such that the virus particles appear 
to be too large. 

Stained and unstained virus preparations were shadowed to investigate 
further the possible effect of staining upon size and shape (fig. 5; ef. fig. 3). 
These photographs also indicate little change in size or shape of the virus 
that would be due to staining with uranium salts. 

After this work was completed, a study of the plague virus of the fowl 
by Schafer, Munk, and Armbruster (8) was published in which these virus 
particles were stained with osmic acid and shadowed with palladium. The 
shadowed particles (both stained and unstained) measure about 100 my in 
diameter normal to the shadow direction (estimated by us from the pub- 
lished photographs). The value given by these authors for the diameter 
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of the unshadowed particles was 72 my. ‘These results show the same 
trend as our measurements on papilloma virus. 

Kern and Kern (9) found that shadowing polystyrene-latex spheres 
increased the apparent diameter in a perpendicular direction from 259 
my to 284 my, an effect of the same order of magnitude as that obtained 
on the virus particles noted above. 

The height of the dried virus particles may be determined from shadow 
lengths wherein small amounts of metal are used. 

The height of a thin barrier placed at 0 (text-fig. 1) is 

[1] OY’ =} tan a 
where a is the shadowing angle, M is the magnification, and X is the 
shadow length. 

A sphere touching the basal plane at 0 with height 2R casts a shadow 
of such a length that 


a 


[2] 2R=<; tan a/2. 


M 
The expression [2] gives a height 1 percent smaller than that given by 
[1] for a=11°. 
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TEXT-FIGURE 1.—Diagram of shadowing detail. Arrows indicate direction of evap- 
oration beams. For a spherical particle, substrate plane is tangent to sphere at 0. 
For a hemispherical particle, parallel plane passes through C. Single or double 
shadowing accomplished by the use of 1 or 2 evaporation beams. 


In the case of flattened spheres, the simplest model for purposes of 
calculation is a hemisphere with basal plane passing through C casting 
a shadow X on this plane. Here 


x=X—R cot a 

X=R cot a/2 

x=R(cot a/2—cot a). 
For magnification M 


x 
M (cot a/2—cot a) 


[3] R= 
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This height is 2 percent smaller than that given by [1] for a=11°. 

One of the best ways of determining x is to take % of the double-shadow 
length, after simultaneous double shadowing from 2 evaporation sources 
(6). 

In view of the possible deviation from theory of the amount of metal 
on all parts of the particle it is clear that should metal accumulate in 
large amounts on top of the particle, thus increasing its apparent height, 
the cast shadow would be too long. The shadow formed in the initial 
stages of evaporation will be the correct length, since in the initial stage 
of evaporation no metal will be on the particle. In view of these con- 
siderations, the formula [3] gives an upper limit for the particle height. 

From such measurements the maximum height was found to be 
27.0+5 mp. Since the width was shown above to be 46.9+5 mu, this 
corresponds to a distorted hemisphere with maximum height to width- 
ratio of about 0.6. A sphere having the same volume as this distorted 
hemisphere would have a diameter of about 40 mu. 

Several experiments were performed with the lyophil technique to as- 
certain whether the method of drying affected the apparent size of the 
particles. In one series, small drops of virus suspension were put on 
specimen screens that had been cooled to the temperature of liquid 
nitrogen. The screens with the frozen virus were then transferred to 
the evaporator where they were placed on a heavy insulated metal block, 
also cooled with liquid nitrogen. The vacuum pumps were then run 
from 8 hours to 2 days in different experiments. The specimens were 
then shadowed in the usual way with chromium. In another series, 
the virus suspension was sprayed on the specimen screens (cooled to 
low temperatures) and then treated exactly as above. Diameter meas- 
urements indicated that all of these frozen-dried specimens were almost 
identical with the particles dried from solution at room temperature. 


SUMMARY 


It was found that the rabbit papilloma virus could be stained with 
uranyl nitrate or acetate without appreciable change in shape or size. 
The images of the stained virus photographed in the electron micro- 
scope measured 46.9+5 my in diameter. Each virus particle contained 
several small dense regions, roughly 8 my in diameter. 

Metallic coating of the virus is accompanied by a great increase in 
apparent diameter, in a direction perpendicular to the shadowing beam, 
a normal weight of metal increasing the apparent diameter from 47 my 
to 75 mu. The maximum height from shadow measurements using a 
corrected formula, was found to be 27.0+5 my, thus being about 60 
percent of the width. This would correspond to a distorted hemisphere. 


The equivalent diameter of a sphere having the same volume is about 
40 mu. 
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Figure 1.—Unshadowed, unstained papilloma virus. Diameter of particles 45 mu. 
X 59,000 


Ficure 2.—Virus stained with uranyl-nitrate solution (50 mgm. per 100 ml.). Un- 
shsdowed. Note dark granules within particles and diffraction at edges of particles 
increasing edge-contrast. 


Figure 3.—Virus shadowed with chromium 7.8 mgm. at an angle tan 2/10. Un- 
stained. Note increase in diameter compared with figures 1 and 2. 














PLATE 123 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 12 





> Ge 














1173 


Kahler and Lloyd 





bt 


204096 


D 











1174 JOURNAL OF THE NATIONAL 


CANCER INSTITUTE 


PLATE 124 


Figure 4.—Virus double-coated with thin film 


of chromium, thickness less than 
1 mz from formula. Unstained. 


Figure 5. 


Uranyl-acetate-stained virus shadowed with chromium. 
figure 3 for similarity of morphology. 


Compare with 
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ROLE OF THE ADRENAL GLANDS IN THE 
HEMATOPOIETIC AND THYMICOLYM- 
PHATIC RESPONSE OF THE RAT TO 
PODOPHYLLOTOXIN ?? 


M. G. Keuty,? J. Lerrer, O. Guosn, National Cancer 
Institute,4 Bethesda, Md., and P. K. Smirn, The George 
Washington University School of Medicine, Washington, 
B. €. 


Our interest in the pharmacologic properties and uses of podophyllo- 
toxin was aroused by reports of the tumor-damaging action of this com- 
pound (2) and of podophyllin (2-5), the crude resin from which it is 
obtained. In preliminary studies (6, 7), we found that a single intra- 
peritoneal injection of podophyllotoxin provoked a variety of tissue 
responses in the rat: depletion of lipid material in the cortex of the adrenal 
gland; evidence of shrinkage of thymus, spleen, and lymph nodes; and a 
transitory leukopenia (lymphocytic and eosinophilic). Other investi- 
gators, also, have observed changes in the leukocyte levels (8-10) and 
involution of thymus and spleen (10) following administration of podo- 
phyllotoxin to mice, rats, cats, or dogs. These observations suggested a 
possible use of podophyllotoxin in the treatment of leukemias and tumors 
of the lymphatic system. However, changes in the distribution of the 
lipid material in the adrenal cortex, involution of thymus, spleen, and 
lymph nodes, eosinopenia, and transitory leukopenia are phenomena 
which have been described as the usual response to stress of an organism 
with a functioning adrenal gland (11-14). It seemed of some practical as 
well as theoretical importance, therefore, to determine whether these 
effects represented a specific action of the drug on the hematopoietic and 
thymicolymphatic systems, or whether they were indicative only of 
response to a nonspecific stress-producing agent. 

This paper presents the effects, in both adrenalectomized and intact 
rats, of a single intraperitoneal injection of podophyllotoxin, and includes 
studies of blood, bone marrow, spleen, thymus, lymph nodes, and adrenal 
glands. 


1 Received for publication January 23, 1952. 

2 Presented in part at the Cleveland meeting of the American Association for Cancer Research, April 28, 1951 (1). 

4 Some of the material in this paper was included in a thesis submitted by the senior author to the Faculty of 
The Graduate Council of The George Washington University in partial fulfillment of the requirements for the 


degree of Doctor of Philosophy. The work was supported in part by a grant from the National Cancer Institute, 
U. 8. Public Health Service. 


‘ National Institutes of Health, Public Health Service, Federal Security Agency. 
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MATERIALS AND METHODS 


Experimental groups.—Approximately 450 albino rats, bred at the 
National Institutes of Health, were used; they were 45 to 90 days old, of 
both sexes, and weighed between 100 and 150 grams. Bilateral adrenal- 
ectomy was performed by the dorsal route on about 200 of these animals. 

After adrenalectomy, the rats were maintained on 1 percent sodium 
chloride solution, and were housed at 80° F. For the first 2 postoperative 
days, the animals were given subcutaneous injections of 0.1 cc. Solution 
Adrenal Cortex Extract (Upjohn Co.). To minimize the possibility of 
growth of accessory adrenal tissue, or of regeneration of adrenal glands, 
the adrenalectomized rats were used within 4 to 7 days postoperatively. 
At the end of the experimental period, the animals were autopsied and a 
careful inspection was made to verify the absence of adrenal tissue. Any 
suspect tissue was examined histologically, and data from incompletely 
adrenalectomized animals were discarded. 

In most instances, the rats were divided by random selection into four 
experimental groups, each of which was composed of intact and adrenal- 
ectomized animals. In two of the groups the rats were given a single 
intraperitoneal injection of podophyllotoxin suspended in 0.5 percent 
aqueous methylcellulose solution, and the other two groups served as con- 
trols: group 1 received 1 mg. of podophyllotoxin per kg.; group 2 received 
a higher dose, 10 mg. per kg.; the rats in group 3 were given a single 
intraperitoneal injection of 0.5 percent aqueous methylcellulose solution, 
the vehicle used to suspend the drug; and group 4 received no treatment 
other than the postoperative care given to all of the adrenalectomized 
animals. 

The 1-mg. dose of podophyllotoxin was relatively nontoxic to intact 
rats (no change in body weight; no diarrhea), but it was lethal to 75 per- 
cent of the adrenalectomized rats in 1 or 2 days. The higher dose of drug 
(10 mg. per kg.) was toxic but nonlethal to intact rats, although it killed 
all of the adrenalectomized rats within 4 hours. 

Suspensions of podophyllotorin—A 0.5 percent aqueous solution of 
methylcellulose (Dow Chemical Co., 4,000 centipoises) was used as the 
suspending vehicle for podophyllotoxin.’ Suspensions of 0.2 and 0.02 
percent of podophyllotoxin were prepared; with these concentrations, the 
desired dose was contained in 5 cc. of suspension per kg. of body weight. 

Blood counts —Blood was obtained from the tail vein, and was diluted 
1 to 20 in a standard white-cell counting pipette with aqueous propylene 
glycol-eosin-methylene blue fluid (15). The total blood leukocytes and 
the eosinophilic granulocytes were counted directly in a standard counting 
chamber. Rats were discarded if, before treatment, either a total leuko- 
cyte count of more than 30,000 white blood cells per cu. mm. of blood, or 
an eosinophil count of zero, was obtained. Differential leukocyte counts 
were made in the counting chamber under high-power magnification. 
One hundred cells were classified as either lymphocytes or granulocytes; 


‘ Crystalline podophyllotoxin, m. p. 114-116° C., containing about 10 percent by weight of the solvents of crys- 
tallization. 
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no attempt was made to distinguish between lymphocytes and monocytes, 
or between the various subdivisions of granulocytes. 

Bone marrow counts.—Red marrow was aspirated from the femur, di- 
luted with human plasma, and spread thinly over several glass slides 
(16). One slide was treated with Giemsa’s stain buffered to pH 6.0, and 
another with Wright’s stain buffered to pH 6.4. A minimum of 400 
nucleated cells per rat was classified according to the criteria outlined by 
Endicott and Ott (17). The nomenclature recommended by the Com- 
mittee on Nomenclature (18) has been used. 

Fixation of tissues ——Thymus, spleen, inguinal lymph node, and one 
adrenal gland from each rat were fixed in Zenker-formol solution and 
stained with hematoxylin and eosin. The other adrenal gland from each 
rat was placed in a modified Champy’s fluid® for 48 hours, then washed 
in running tap water for 24 hours, placed in 2 percent osmic acid solution 
for 24 hours, again washed in running water for 24 hours, cleared in avia- 
tion gasoline or xylol, and embedded in paraffin. 


RESULTS 


Blood leukocytes.—Total white cell, eosinophil, and differential leuko- 
cyte counts were made on intact and adrenalectomized rats. The dif- 
ferences between the pretreatment level and the values obtained at inter- 
vals after treatment were determined for each rat, and the average differ- 
ence per group was computed from the individual differences. The 
standard error of the differences was calculated, and the ‘‘T” test was used 
to evaluate the statistical significance of the data. The results have 
been summarized in table 1 (total leukocytes), table 2 (lymphocytes), 
table 3 (granulocytes), and table 4 (eosinophils), respectively. 

The pattern of changes provoked in adrenalectomized rats by treatment 
with podophyllotoxin was, in general, qualitatively similar to but quan- 
titatively less pronounced than that in intact rats. 

When the 1-mg. dose of podophyllotoxin was given to either intact or 
adrenalectomized rats, a significant leukopenia (lymphocytic) developed 
within 1 hour. In the intact rats, the leukopenic phase was followed in 
72 hours by a significant leukocytosis (lymphocytic); in the adrenalec- 
tomized rats, the total and lymphocytic leukocytes had returned to pre- 
treatment levels in 24 hours, and showed no further changes curing the 
72-hour observation period. At this dose, neither intact nor adrenal- 
ectomized animals developed any statistically significant change in neu- 
trophilic or eosinophilic granulocyte levels. 

The response elicited in intact rats to the higher dose of podophyllotoxin 
(10 mg. per kg.) was different from that which followed the lower doce. 
A significant leukopenia (lymphocytic, granulocytic, eosinophilic) devel- 
oped within 1 hour and persisted throughout the 72-hour period of obser- 
vation, with one exception—a transient neutrophilic granulocytosis at 24 


* Freshly prepared for use from stock solutions as follows: 2 percent osmic acid solution, 2 parts; 3 percent potas- 
sium dichromate solution, 1 part; and 1 percent chromic acid solution, 1 part. The modification of Champy’s 
fluid and the method of osmification were suggested to us by Dr. A. J. Dalton of the National Cancer {nstitute. 
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hours. In adrenalectomized rats, the response obtained at 1 hour’ after 
the 10-mg. dose was similar to that of intact rats, and was of about the 
same degree of intensity. 

The blood counts of vehicle-control rats (intact and adrenalectomized) 
were essentially unchanged throughout the 72-hour period of observation, 
except for an eosinophilia which developed in both groups, and which 
was in contrast to the eosinopenia seen in the groups given podophyllo- 
toxin. 

Bone marrow counts.—Differential counts of nucleated cells were made 
on smears of red marrow from the femurs of 104 intact and 64 adrenalecto- 
mized rats. The results are summarized in table 5. The marrow of the 
untreated adrenalectomized rats appeared to contain more cells of the 
granulocytic series than the marrow of untreated intact animals. Intact 
rats given 1 mg. of podophyllotoxin per kg. developed a mild granulocytic 
hyperplasia in 18 hours, which was in contrast to the hypoplasia observed 
in the adrenalectomized animals. At 72 hours, little evidence of disturb- 
ance of bone marrow could be found in either group. 

The smears of bone marrow of both intact and adrenalectomized rats 
killed 3 hours after administration of the higher (10 mg. per kg.) dose of 
podophyllotoxin showed granulocytic and erythrocytic hypoplasia. Many 
disintegrated cells and toxic cells (3 plus)* of the granulocytic series were 
observed, showing nuclear fragmentation, condensation of nuclear chroma- 
tin, toxic granules, and evidence of basophilia and chromophobia. In the 
intact animals, the damage was still marked at 72 hours. 

Both groups of vehicle-control rats developed changes in the myeloid : 
erythroid ratios which were similar to those previously described in rats 
given the 1-mg. dose of podophyllotoxin; an increased ratio in the intact 
group, and a decreased ratio in the adrenalectomized animals. A few 
toxic cells (1 plus) of the granulocytic series showing vacuolization were 
seen. 

Megakaryocytes were present in the marrow smears from all groups of 
rats, intact and adrenalectomized, controls and treated. 

Ratio of spleen weight to body weight.—The involutionary response of 
lymphatic tissue to podophyllotoxin was studied in the spleen. The 
results are summarized in table 6. 

Both intact and adrenalectomized rats responded to the 1-mg.-per-kg. 
dose of podophyllotoxin with a significant decrease in the ratio of spleen 
weight to body weight. The ratios were lowered within 24 hours after 
treatment and were still low at the 72-hour interval. 

Control intact rats given the vehicle alone showed a significant decrease 
in the weight of the spleen in 3 hours, with a return to normal level in 48 
hours. In the adrenalectomized vehicle-control group, however, no sig- 
nificant change in spleen weight : body weight ratio was obtained at any 
interval during the 72-hour period of observation. 


' All adrenalectomized rats died within 4 hours after the 10 mg. per kg. dose of podophyllotoxin. 
* Grading, in accordance with the recommendation of the Committee on Nomenclature (18), depends more on the 
degree of change than on the number of altered cells. 
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TABLE 6.—Effect of a single intraperitoneal injection of podophyllotoxin on the ratio of 
spleen weight to body weight of intact and adrenalectomized rats 























Intact rats Adrenalectomized rats 
Dose of Time 
podo- | after in- spleen wt."| standard spleen wt.*| standard 
et jection poemet ‘body wt. jerrorofthe| Pé rcs ‘body wt. |errorofthe| Pé 
oun (average) | difference * i (average) | difference * 
| 
Mg.per xX 10-3 xX 10-3 
kg. | Hours 
0 3 10 5.1 0.90 |<0.05 20 9.1 0. 98 
24 ™ 5. 8 1. 31 8 8.0 1. 42 
48 15 7.3 1.13 10 6.3 1. 15 
72 20 7.1 0. 94 17 7.4 0. 95 
1 3 10 6.8 1. 05 19 5. 8 0.74 |<0.05 
24 7 5. 0 0.82 |<0.05)| 14 6.8 0. 96 
48 = 5. 0 0.94 |<0. 05) 10 5. 8 1. 02 
72 20 4.5 1.23 |<0.05)| 19 6. 0 0. 87 
} | | 
































1 Podophyllotoxin given as a suspension in 0.5% aqueous methylcellulose solution. Vehicle-control rats injected 
with methylcellulose solution only. 
0.936, SD—0.370 


2 Spleen wt. (gm.) ' )- P 
Body wt. (em) of 50 untreated intact rats 132, SD—22 7.3 X 10-3, SE—0.47. 


§ Standard error of the difference between the ratio of the untreated group and the ratios obtained at indicated 
intervals after treatment. 


4 Probability of greater error occurring by chance. P-valves>0.05 not included in table. 


5 Spleen wt. (gm.) : ‘Cr Spee" . 
Body wt. am) of 49 untreated adrenalectomizedjrats 30, SD—22 7.7 X 10°73, SE—0.51. 


Microscopic appearance of adrenal glands, thymus, spleen, and inguinal 
lymph nodes.—The distribution and amount of lipid in the adrenal cortex 
was disturbed with either dose of podophyllotoxin, but the damage was 
much more severe with the higher dose (10 mg. per kg.). Within 18 
hours there was less osmiophilic material in the zona glomerulosa and 
inner zona fasciculata, and the normally lipid-free outer zone of the fas- 
ciculata contained osmiophilic dust. By 72 hours, the lipid distribution 
in the cortex of rats given the lower dose appeared to be normal, but 
there still was marked depletion of osmiophilic material throughout the 
adrenal cortex of the animals which had received the higher dose (figs. 
1-4). Vehicle-control rats showed some depletion of the osmiophilic 
material in the cortex 18 hours after injection of methylcellulose, but the 
degree of damage was much less severe than in rats treated with podophyl- 
lotoxin. 

The lower dose of podpohyllotoxin appeared to provoke, in intact rats, 
a mild stimulation of the lymphatic elements in the lymph nodes and 
spleen (ef. figs. 5 and 6), with increased numbers of proliferating germinal 
centers in the nodules, and an apparent increase of reticulum of the thymus. 
There was little evidence of cell damage, although an occasional small 
area was seen in which there was destruction of lymphocytes and ingestion 
of nuclear debris by macrophages. In adrenalectomized rats, however, 
administration of the 1-mg.-per-kg. dose of podophyllotoxin was followed 
by depletion and destruction of the lymphocytic cells of the germinal 
centers of the lymph nodes and spleen (ef. figs. 9 and 10), and occasional 
areas of lymphocytic destruction in the cortex of the thymus (ef. figs. 13 
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and 14). In both intact and adrenalectomized animals, the effects were 
more pronounced at 18 than at 72 hours. 

When 10 mg. per kg. of podophyllotoxin were given, the tissue damage 
was similar in both groups of rats. Within 3 hours, there was destruction 
of lymphocytes in the germinal centers of the spleen and lymph nodes 
and ingestion of nuclear debris by macrophages. A similar effect was 
seen in the cortex of the thymus. At 18 hours, the germinal centers of 
the lymph nodes and spleen (fig. 7) of intact rats consisted almost entirely 
of reticular cells and nuclear debris. Large amounts of brown pigment, 
presumably derived from destroyed erythrocytes, were seen in the red 
pulp of the spleen. At 72 hours, the germinal centers of the lymph nodes 
and of the spleen (fig. 8), and the cortex of the thymus (ef. figs. 11 and 12) 
were composed largely of reticular cells, with only a small amount of 
nuclear debris. The alteration in the thymus of intact rats killed 72 
hours after the 10-mg.-per-kg. dose was marked. In the majority of rats 
there were relatively more lymphocytes in the medulla than in the cortex 
(cf. figs. 15 and 16); in the other animals, no demarcation between cortex 
and medulla could be detected. 

Vehicle-control rats of either group showed relatively little change after 
injection of methylcellulose, except for a slight increase in the number of 
proliferating germinal centers of the spleen in the intact animals killed 
after 18 hours. 

DISCUSSION 


Adrenalectomy did not eliminate or prevent the changes in the blood 
and bone marrow counts, the loss of weight of the spleen, or the destruction 
and damage in the thymus, spleen, and lymph nodes of rats given podo- 
phyllotoxin. It was concluded, therefore, that podophyllotoxin exerted 
a direct cytotoxic action on the hematopoietic and thymicolymphatic 
systems that was not dependent upon the presence of an intact, functional 
adrenal gland, although the drug did have a stressor action on the adrenal 
gland. 

There was a difference in response of intact rats to the 2 dose levels of 
podophyllotoxin used. With the lower dose (1 mg. per kg.), a period of 
stimulation or increased proliferation was observed in the adrenal glands, 
the blood leukocytes, the bone marrow cells, and the germinal centers of 
the spleen and lymph nodes. The higher dose (10 mg. per kg.), however, 
which was toxic but not lethal to the intact animal, produced only de- 
pression of the blood leukocytes and bone marrow, destruction of the 
germinal centers of the spleen and lymph nodes, and cytologic damage in 
the thymus. After adrenalectomy, tbe stimulatory phase of the response 
elicited to the lower dose was not observed. In adrenalectomized animals, 
the 1-mg.-per-kg. dose, as well as the 10-mg.-per-kg. dose, produced only 
depression of the hematopoietic and thymicolymphatic systems and de- 
struction of the lymphocytic elements in the germinal centers of the 
thymus, spleen, and lymph nodes. This seems to be supportive evidence 
that the specific action of the drug on these tissues was cytotoxic, and 
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that the severity of the response provoked in intact rats by the higher 
dose inhibited, or masked, any nonspecific effects due to stimulation of 
the adrenal glands. 

Many of the effects observed in experimental animals after treatment 
with agents such as nitrogen mustards, urethan, aminopterin, X ray, 
colchicine and ACTH which, like podophyllotoxin, have been found to 
damage tumor tissue, also resemble the somatic changes described by 
Selye (13, 19-25) as manifestations of the alarm-reaction. According to 
Selye (24), “The most powerful alarming stimuli are agents which affect 
large portions of the body without causing death due to selective (specific) 
damage to vital organs.” It is not surprising, therefore, that agents 
such as those mentioned above, which have been found to damage tumor 
tissue, also have been reported to provoke a systemic response in the host 
that is suggestive of an alarm-reaction. Removal of the adrenal glands 
prevented or suppressed the lymphopenia and thymicolymphatic in- 
volution observed in intact animals after administration of aminopterin 
(26), low doses of X ray (27, 28), colchicine (29, 30), and ACTH (31), 
but had little influence on the effects of the nitrogen mustards (32-34), 
urethan (34, 35), and high doses of X ray (27, 28). It was concluded, 
therefore, that aminopterin, low doses of X ray, colchicine, and ACTH 
acted as nonspecific “alarming” agents to produce lymphopenia and 
thymicolymphatic involution; in contrast, nitrogen mustards, urethan 
and high doses of X ray, like podophyllotoxin, had a direct action on 
these tissues which was largely independent of the adrenal cortex. How- 
ever, the mechanism through which a particular agent acts in nontumor- 
bearing animals to produce its effects on the hematopoietic and thymico- 
lymphatic systems may not be the same as that involved in its actions on 
neoplasms of these tissues. For example, Dougherty and Dougherty 
(26) reported that the lymphopenia and acute atrophy of lymphatic 
tissue which followed administration of high doses of aminopterin were 
probably mediated through the adrenal cortex, as they were not observed 
in adrenalectomized mice. Yet Law et al. (36), using much lower doses, 
reported that adrenalectomy did not influence the inhibitory action of 
aminopterin on leukemia L 1210 in mice. 

Little information has been accumulated on the effect of stimulation 
of the adrenal cortex on the cellular elements of the bone marrow. How- 
ever, as the damage to the cells of the bone marrow produced by podo- 
phyllotoxin was not prevented or suppressed by removal of the adrenal 
glands, the drug apparently has a direct cytotoxic effect on the bone 
marrow. Hypoplastic or aplastic bone marrow has been observed also 
in intact animals treated with aminopterin (26, 37), colchicine (38), 
nitrogen mustards (32, 33, 39, 40), and X ray (41); adrenalectomy pre- 
vented the changes in the bone marrow after aminopterin (26), but not 
when the nitrogen mustards were given (32, 33). 

Intact rats, given a single intraperitoneal injection of 5 cc. of 0.5 percent 
aqueous methylcellulose solution, developed involution of the spleen and 
histologic changes in the adrenal glands, thymus, spleen, and lymph 
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nodes. No alteration, except for an eosinophilia, was produced in the 
peripheral blood leukocyte count. Adrenalectomy prevented the appear- 
ance of these changes. The observations suggest that methylcellulose, 
which was used as the vehicle for podophyllotoxin, has a mild adrenotrophic 
action at this dose level. 


SUMMARY AND CONCLUSIONS 


A study was made of the effects of a single intraperitoneal injection of 
1 or 10 mg. of podophyllotoxin per kg. (suspended in 0.5 percent aqueous 
methylcellulose solution) on the peripheral blood leukocyte count, the 
bone marrow, spleen, thymus, and lymph nodes of adrenalectomized as 
well as of intact rats, and on the adrenal glands of intact rats. Approxi- 
mately 450 albino rats were used. The results were as follows: 


1) A transitory leukopenia (lymphocytic) developed in both intact and 
adrenalectomized rats given the lower dose of podophyllotoxin. In intact 
rats, the leukopenic phase was followed by leukocytosis; in the adren- 
alectomized group, after the initial leukopenia, the leukocytes remained 
within normal range. With the higher dose of podophyllotoxin, the 
lymphocytes and the neutrophilic and eosinophilic granulocytes were 
depressed within 1 hour in both groups of rats, and the depression persisted 
in the intact group throughout the 72-hour period of observation. 


2) Differential counts of smears of bone marrow from the femur of 
animals given 1 mg. of podophyllotoxin per kg. showed an increased 
myeloid:erythroid ratio in the intact animals, and a decreased ratio in 
the adrenalectomized rats. Following the higher dose of podophyllotoxin, 
there was a decrease in the myeloid:erythroid ratio in both groups of 
rats, and there appeared to be a granulocytic and erythrocytic hypoplasia. 
Bizarre and distorted cells, toxic cells of the granulocytic series, fragmented 
cells, and evidence of basophilia and chromophobia were observed. 


3) Intact and adrenalectomized rats responded to the 1-mg.-per-kg. dose 
of podophyllotoxin with a loss in the weight of the spleen, which resulted 
in a decreased ratio of spleen weight to body weight. 


4) There was a marked loss of osmiophilic granules in the adrenal cortex 
of rats given podophyllotoxin. 


5) Some stimulation of the lymphatic elements in the germinal centers of 
the spleen and lymph nodes, and an apparent increase in the thymic 
reticulum were observed in intact rats given 1 mg. podophyllotoxin per 
kg. The effect of this dose in adrenalectomized rats was depletion and 
destruction of the lymphocytic cells of the germinal centers. In both 
intact and adrenalectomized rats, the 10-mg. dose of drug caused marked 
degeneration and lymphocytic destruction in the germinal centers of the 
spleen and lymph nodes, and in the cortex of the thymus, 
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6) A toxic but nonlethal dose of podophyllotoxin (10 mg. per kg.) exerted 
a direct, cytotoxic action on the hematopoietic and thymicolymphatic 
systems of the rat. This effect was not dependent upon the presence of 
an intact adrenal gland. 


7) The response of the hematopoietic and thymicolymphatic systems in 
the rat to a relatively nontoxic dose of podophyllotoxin (1 mg. per kg.) 
would appear to be a combination of, or a balance between, a specific 
cytotoxic action of the drug and a nonspecific adrenotrophic effect. 


8) Aqueous methylcellulose solution, the vehicle in which podophyllotoxin 
was given, gave_evidence of a mild adrenotrophic action. 
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PLATE 125 


Figure 1.—Adrenal cortex of untreated rat. Modified Champy’s. X 210 


Figure 2.—Adrenal cortex of rat, 72 hours after administration of 1 mg. podophyl- 
lotoxin per kg. Distribution of osmiophilic granules essentially normal. Modified 
Champy’s. X 210 


Figure 3.—Adrenal cortex of rat, 18 hours after administration of 10 mg. podophyl- 
lotoxin per kg. Depletion of osmiophilic granules and osmiophilic dust. Modified 
Champy’s. xX 210 


Figure 4.—Adrenal cortex of rat, 72 hours after administration of 10 mg. podophyl- 
lotoxin per kg. No evidence of recovery. Depletion of osmiophilic granules and 
osmiophilic dust. Modified Champy’s. X 210 
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PLATE 126 
Figure 5.—Spleen of untreated intact rat. Hematoxylin and eosin. X 350 
Ficgtre 6.—Spleen of intact rat, 18 hours after administration of 1 mg. podophyl- 


lotoxin per kg. Stimulation of lymphocytic elements, and increased numbers of 
} : ; 
proliferating germinal centers in the nodules. Hematoxylin and eosin. X 350 


Figure 7.—Spleen of intact rat, 18 hours after administration of 10 mg. podophyl- 
lotoxin per kg. Germinal center consists almost entirely of reticular cells and nuclear 
debris. Hematoxylin and eosin. 350 


Figure 8.—Spleen of intact rat, 72 hours after administration of 10 mg. podophyl- 
lotoxin per kg. Germinal center composed largely of reticular cells, with only a 
small amount of nuclear debris. Hematoxylin and eosin. 350 
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PLATE 127 

Figure 9%.—Spleen of untreated adrenalectomized rat. Hematoxylin and _ eosin- 
350 

Ficgtre 10.—Spleen of adrenalectomized rat, 72 hours after administration of 1 mg. 

podophyllotoxin per kg. Areas of lymphocyte destruction and ingestion of nuclear 


debris by macrophages. Hematoxylin and eosin. 350 
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PLATE 128 
Figure 11.—Thymus of untreated intact rat. Hematoxylin and eosin. 350 


Figure 12.—Thymus of intact rat, 72 hours after administration of 10 mg. podophyl- 
lotoxin per kg. Reticular cells prominent in cortex. Small amount of nuclear 
debris. Hematoxylin and eosin. X 350 


Figure 13.—Thymus of untreated adrenalectomized rat. Hematoxylin and eosin. 
350 


Figure 14.—Thymus of adrenalectomized rat, 72 hours after administration of 1 mg. 
podophyllotoxin per kg. No remarkable effect. Hematoxylin and eosin. X 350 
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PLATE 129 


Ficure 15.—Thymus of untreated intact rat. Hematoxylin and eosin. X 55 


Fictre 16.—Thymus of intact rat, 72 hours after administration of 10 mg. podophyl- 
lotoxin per kg. Relatively more lymphocytes in medulla than in cortex. Hema- 


toxylin and eosin. 55 
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ORIGIN AND BEHAVIOR OF TWO TRANS- 
PLANTABLE LYMPHOMAS INDUCED BY 
X RADIATION ! 


Emma SHELTON, National Cancer Institute, Bethesda, Md. 


This report concerns two transplantable tumors designated Lymphoma 
#1 (L #1) and Lymphoma #2 (L #2). Lymphoma #1 grows as a localized 
tumor and has been termed a lymphosarcoma, whereas Lymphoma #2 
is highly invasive and behaves as an acute lymphocytic leukemia. Since 
both tumors have been (1, 2) and are being used in a variety of experi- 


ments, a brief description of their origin and growth characteristics is 
warranted. 


ORIGIN AND GrRowTH CHARACTERISTICS 


In July 1946, both tumors were found in 6-month-old strain A female 
mice that had been exposed to 400 r whole body X radiation on the date 
of birth (3). 

Lymphoma #1.—Lymphoma #1 was propagated from a large tumor 
mass located in the anterior mediastinum. In the original animal the 
tumor involved the thymus and extended downward into the lower 
anterior mediastinal space. Microscopic examination of the tissues of the 
mouse bearing the tumor revealed slight leukemic infiltration into the 
lungs, sternal muscles, and kidney. The tumor was transplanted into 
both male and female strain A (Bittner or Heston subline) mice and 
subsequently has been carried in this strain or in CAF,’ hybrids for 100 
generations with 100 percent “takes” and no spontaneous regressions. 

When transplanted subcutaneously or intramuscularly, the tumor 
grows as a local mass at the injection site, is palpable in 7 days, increases 
in size up to 5 cm. in diameter, and kills the host after 30 to 40 days. 
Although the tumor is not encapsulated and in the process of growth 
invariably invades the muscles of the abdominal wall, it does not show 
distant metastases. Occasionally the tumor will erode through the 
abdominal wall and when this occurs the pancreas is rapidly invaded, 
but the tumor grows on the other viscera as small isolated masses with 
only rare infiltration. 

After the tumor has grown for from 20 to 30 days, a few isolated tumor 
cells can be found in the hepatic sinusoids (fig. 1), and between 30 and 40 

1 Received for publication January 23, 1952. 


2 National Institutes of Health, Public Health Service, Federal Security Agency. 
3 F; hybrids from strain BALB/c females mated to strain A males. 
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days these embolic cells become numerous, but no metastatic growths 
have been found in the liver or other viscera. 

Although the tumor does not produce distant metastases, the effect 
of the growing tumor upon the physiology of the host is reflected in 
the stimulation of mitotic activity in the hepatic parenchymal cells, 
and in the enlargement of the lymphatic nodules of the spleen and lymph 
nodes with a concomitant increase in the number of medium-sized 
lymphocytes. Mitoses appear in the liver as early as 6 days after sub- 
cutaneous inoculation of the tumor (into the right lower quadrant of the 
body), and the parenchymal cells continue to divide at a rate above 
normal until death of the host. 

An estimate of the number of liver parenchymal cells in mitosis was 
made by counting mitoses per 100 high-power microscope fields (12.5 
oculars, 47.5 X 4 mm. objective, Mag. 594 X). In a series of 26 mice 
killed at 2- to 5-day intervals (starting with the 6th day) after tumor 
inoculation, the number of mitoses in the liver was found to reach a peak 
between 11 and 15 days and to drop off rather abruptly after 15 days. 
The bar graph (text-fig. 1) shows the mitosis counts on the livers of in- 
dividual animals bearing L #1 at various intervals after inoculation. 


MITOSIS COUNTS ON LIVERS OF MICE BEARING L#! 





LIVER MITOSES PER 100 HIGH-POWER 
MICROSCOPE FIELOS MAG. 594X 
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DAYS AFTER TUMOR INOCULATION 
TEXT-FIGURE 1.—Graph showing mitoses in hepatic parenchymal cells of strain A 
mice bearing subcutaneously inoculated L #1. Each bar represents the number 
of mitoses counted in 100 microscope fields in the liver of one animal. 


Although the effect of the growing tumor upon the spleen was observed 
in sections stained by routine methods, it was most clearly demonstrated 
when the alkaline phosphatase test of Gomori (4) was applied. In the 
spleens of control animals the lymphatic nodules contained small, pale 
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foci of medium-sized lymphocytes surrounded by a large number of 
small lymphocytes which were more intensely blackened by the cobalt 
sulfide than were the centers of the nodules (fig. 2). (This distribution of 
phosphatase staining is similar to that observed by Doyle (4) in the 
appendix of the rabbit. It is undoubtedly true here as in the appendix 
that the lymphocytes contribute very little to the total alkaline phos- 
phatase activity and, as Doyle so clearly showed, it is the reticular cells of 
the nodule that are responsible for the intense reaction imparted, probably 
by diffusion, to the lymphocytes.) In the spleens of animals bearing 
the tumor, however, the centers of the lymphatic nodules were greatly 
enlarged and pale in contrast to the blackened ring of small lymphocytes 
surrounding them (fig. 3). This change in the morphology of the lym- 
phatic nodules was observed to occur at about the same time that an 
increased number of mitoses appeared in the liver, 7. e., 6 days after the 
implantation of the tumor, and was maintained until the death of the host. 

Lymphoma #2.—Lymphoma #2 was propagated by the subcutaneous 
injection into strain A mice of fragments of lymph nodes from the mouse 
bearing the original tumor. The lymph nodes and spleen of this animal 
were greatly enlarged and were replaced by tumor tissue. The kidney, 
lungs, bladder, uterus, liver, ovary, and thyroid were also invaded by 
tumor cells. There was leukemic infiltration around the optic nerve, 
in the Harderian gland, and in the bone marrow. 

The subcutaneously transplanted tumor has been carried in strain A 
(Bittner or Heston subline) mice or in CAF, hybrids for over 150 genera- 
tions with 100 percent “takes’”’ and no spontaneous regressions. The 
local tumor is palpable in 7 days and is large enough to transplant in 10 
days, but growth of this neoplasm is not confined to the injection site. 
Between 7 and 10 days after injection, the leukemic cells enter the blood 
stream and progressively invade the spleen, lymph nodes, bone marrow, 
liver, lungs, adrenal glands, and kidneys. Occasionally the thymus, 
salivary glands, ovaries, and pancreas are also involved. There has been 
no observed invasion of the Peyer’s patches of the small intestine, or of the 
brain or heart muscle. Ultimately, the spleen, lymph nodes (fig. 4), and 
bone marrow (fig. 5) are almost totally replaced by neoplastic cells. In 
the liver, leukemic infiltration is especially prominent around the portal 
veins (figs. 6 and 7), but tumor cells also accumulate around the central 
vein and in the sinusoids. Infiltration in the adrenal gland occurs around 
the major blood vessels. In the kidney, leukemic cells are found around 
the larger blood vessels and in the capillary tufts of the glomeruli. Minute 
thrombi, which appear to be composed of cellular debris, are regularly 
found in the glomerular capillaries of moribund animals. The walls of the 
lung alveoli are crowded with leukemic cells (fig. 8), and local concentra- 
tions of these cells can sometimes be seen around the larger blood vessels. 
Thrombotic lesions similar to those described by Krebs et al. (6) and by 
Law and Dunn (7) are always present in vessels of all sizes in the lungs of 
animals dying of the acute leukemia (fig. 9). 
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DAYS AFTER TRANSPLANTATION 


TExtT-FIGURE 2.—Graph showing the number of animals dying per day, starting with 
the 9th day after transplantation of Lymphoma #2. 


The animals begin to die after 9 days and 61 percent are dead on the 
13th day after inoculation of the tumor. The graph in text-figure 2 is 
designed to show the number of animals dying per day, starting with the 
9th day after transplantation of the tumor. No animals die before 10 
days and none survive after 24 days, and by far the largest number have 
been found to die on the 13th day post injection. The tumor and the 
lymph nodes of animals examined immediately after death are usually 
hemorrhagic. The tumor is surrounded by a soft blood clot and each 
lymph node is enlarged and red in color. In microscopic sections of the 
lungs of these animals, it is not unusual to find erythrocytes in the bronchi, 
and blood is often seen in the nostrils just prior to death. Animals 
surviving longer than 14 to 15 days tend to show fluctuations in the total 
white count and often do not show hemorrhage in the lymph nodes or 
lungs. 

The total white blood cell count begins to increase on the 8th to the 
10th day after inoculation of the tumor, and with a few exceptions increases 
steadily to reach a level varying from 23,000 to 83,000 at the time of death. 
Table 1 gives an average blood count for normal strain A mice and average 
blood counts of mice bearing L #2 just prior to death. There is great 
variation in the differential blood count, and the animals can be divided 
into two groups according to whether the percentage of granulocytes or 
the percentage of lymphocytes is highest. In group B, table 1, the 
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percentage of lymphoblasts is more than twice that of group A, although 
the percentage of lymphocytes is lower than the granulocytes. 

Alkaline phosphatase.—The alkaline phosphatase procedure of Gomori 
(4) was applied to both the tumors and to the tissues of the tumor-bearing 
animals. L #1 gave no detectable reaction to the test (fig. 10), but 
L #2 was very rich in alkaline phosphatase (fig. 11). The alteration in 
the pattern of alkaline phosphatase distribution in the spleen and lymph 
nodes of L #1-bearing mice has been described above. L #2, in invading 
the spleen and lymph nodes, destroyed the architecture completely so 
that these organs were generally blackened by the cobalt sulfide (fig. 12). 

Chemical determinations * (table 2) of the alkaline and acid phosphatase 
activity of L #1, L #2, and normal thymus supported the histochemical 
findings. With the incubation conditions used, no alkaline phosphatase 
activity could be detected in L #1. Lymphoma #2 had appreciably 
greater activity in the alkaline range than thymus, but neither tumor had 
nearly as much activity in the acid range as did the thymus. 

Morphology of the tumor cells —The morphology and chemistry of the 
cells of these two tumors will be described in detail in a later paper. In 
both morphology and chemistry, the two cell types are quite uniform 
among themselves but are vastly different from each other. The cells of 
Lymphoma #1 are approximately twice the size of those of Lymphoma 
#2 and appear to have a diploid number of chromosomes in the nucleus. 


TABLE 2.—Phosphatase activity expressed as milligrams of phosphorus liberated per 
milligram tissue incubated for 1 hour at 37.5° C 
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DISCUSSION 


The two tumors described here were induced by a single acute dose 
of X radiation administered to strain A mice on the date of birth. There 
is little doubt that L #1 arose from the cells of the thymus, but in the 
case of L #2, the leukemic cells were so widely distributed at the time of 
autopsy that the site of origin of the tumor could not be determined. 
Lymphoma #2 may also be of thymus origin, however, since the work of 
Kaplan (9) showed that lymphoid tumors in C57 black mice irradiated 
at one month of age always made their first appearance in the thymus. 


‘ Procedure: A one-percent homogenate of the tissues in water was made with a modified Potter-Elvehjem 
apparatus. The substrate consisted of 0.5 gm. sodium glycerophosphate (Merck) and 0.424 gm. sodium barbitol 
(Merck) in 100 ml]. water. The pH was adjusted to 5.1 with 1 N acetic acid or to 9.5 with 1 N sodium hydroxide. 
Aliquots of tissue, 0.5 ml. and 0.25 ml. plus 0.25 ml. water, were added to 4.5 ml. substrate in 25 ml. flasks. The 
tissues were shaken at 37.5° C. for }4 hour and the reaction was stopped with 1 cc. of 30% trichloroacetic acid. After 
centrifugation, 4 cc. were added to 0.5 ml. molybdate reagent, 0.2 ml. amino naphthol sulfonic acid reagent (8) and 
0.3 ml. water.The color was read at 660 my ona Beckman Model Bspectrophotometer. Tissue and reagent 
blanks were run simultaneously with the other determinations. 
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The observations of Gardner, Dougherty, and Williams (10), McEndy, 
Boon, and Furth (1/1), and of Law and Miller (12) also indicate that in 
many inbred strains of mice, including strain A, the thymus is very impor- 
tant to the production of spontaneous and induced leukemia. 

Variations in the ability of leukemic cells to invade the host’s tissues 
and blood stream have been reported before. In 1930, Richter and 
MacDowell (13) compared four lines of spontaneous leukemias in strain 
C58 mice and found marked differences in the infiltration of liver and 
kidney, and in the increase in the peripheral lymphocyte count. The 
authors emphasized that the variations were not due to genetic differences 
in the host but to the intrinsic characteristics of the tumors themselves. 
Such differences in invasive character are worthy of further investigation, 
and the two tumors described here are admirably suited to such a study. 

The stimulation of mitotic activity in the livers of animals bearing 
the noninvasive L #1 is without doubt a phenomenon similar to that 
observed by Annau et al. (14), who reported an increase in the mitotic 
activity of livers of mice and rats bearing fibrosarcomas, reticuloendo- 
thelioma, and mammary tumors. The data presented by these authors 
indicates no correlation between tumor weight or liver-body weight 
ratio and mitotic activity in the liver. The results of mitosis counts in 
the liver of mice bearing L #1 (text-fig. 1) show a definite correlation 
between the age of the tumor and the number of mitotic figures found 
in 100 high-power microscope fields. The period of 11 to 15 days after 
inoculation is the time at which the tumor reaches its maximum size with- 
out appreciable necrosis, and at this time also the number of mitoses 
reaches a peak value. In the period between 20 and 29 days, in spite of 
the increasing size of the tumors, the number of mitoses decreases. It is 
possible that the dividing cells are fewer in number than in tumors of 
smaller diameter because of an increase in necrotic tissue. It may also be 
true that the abrupt decline in mitotic activity after 15 days is due to the 
increased debility of the host, for as the tumor increases in size the mice 
become more and more emaciated and the ultimate cause of death of the 
animal is probably due largely to cachexia. 

Annau et al. have suggested that some product of the malignant cell 
might be carried via the blood stream to the liver, where it acts as a 
mitotic stimulant. The probability that a blood-borne factor is concerned 
in the stimulation of mitotic activity in the liver was first proposed by 
Bucher et al. (15, 16), who found that when one member of a pair of 
parabiotic rats was partially hepatectomized, the liver parenchymal cells 
of the other member were stimulated to divide. The evidence suggests 
that when an actively dividing tissue shares a common blood supply with 
the liver, the liver cells are stimulated to divide, but the stimulating 
factor may be produced by a variety of tissue types. 

Recent studies by Haight and Rossiter (17), Kerppola (18), and Valen- 
tine and Beck (19) have shown that in man and rabbits alkaline phos- 
phatase is not demonstrable in the normal lymphocyte, whereas the 
leukocyte has high activity. The lymphocyte on the other hand has a 
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higher acid phosphatase activity than the leukocyte. So far as the 
present study is concerned, it would appear that the cells of Lymphoma 
#1, having no demonstrable alkaline phosphatase activity but fairly high 
acid phosphatase activity, resemble the normal lymphocyte and follow 
the general enzyme pattern of the normal thymus, while the cells of 
Lymphoma #2 have diverged from this pattern by showing a high alkaline 
phosphatase activity and a lower acid phosphatase activity. It has been 
impossible up to the present time to correlate the presence or absence of 
the phosphatases in malignant cells either with the malignant state or 
with the cell of origin (cf. Greenstein, 20). It is hoped, however, that 
the accumulating data on the alkaline phosphatase activity of cells both 
normal and malignant will eventually be open to interpretation. 


SUMMARY 


Two tumors designated Lymphoma #1 (L #1) and Lymphoma #2 
(L #2) were found in 6-month-old strain A female mice that had received 
400 r X radiation to the whole body at birth. Lymphoma #1 grows 
as a localized lymphosarcoma, whereas Lymphoma #2 is a highly in- 
vasive, acute lymphocytic leukemia. The growth characteristics of the 
two tumors are described. 

Although L #1 does not produce distant metastases, its growth in 
the host stimulates mitotic activity in the cells of the liver parenchyma 
and causes an enlargement of the centers of the lymphatic nodules of 
the spleen and lymph nodes of the host. The mitotic activity of 
the liver reaches a peak at 11 to 15 days after tumor inoculation, and 
then declines. This physiological influence of the tumor on the liver 
supports the hypothesis of Bucher et al. (16) that a blood-borne factor is 
concerned in the stimulation of mitotic activity in the liver. 

When the alkaline phosphatase technique of Gomori was applied to 
the tumors, no detectable reaction appeared in the cells of L #1, whereas 
the cells of L #2 were heavily blackened by the cobalt sulfide. Chemical 
determinations showed that L #1 contained no detectable alkaline phos- 
phatase activity but relatively high acid phosphatase activity, and that 
L #2 had high alkaline phosphatase activity but lower acid phosphatase 
activity than L #1. 
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Figure 1,—Cells of L #1 entrapped in the sinusoids of the liver. Tumor 27 days old. 
> 800 
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PLATE 131 


Figure 2.—Alkaline phosphatase distribution in the spleen of 3-month-old normal 
strain A mouse. < 60 


Figure 3.—Alkaline phosphatase distribution in the spleen of 3-month-old strain 
A mouse bearing L #1, 15 days after tumor inoculation. Note the increase in the 
size of the centers of the lymph follicles. 60 
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PLATE 132 


Figure 4.—Periphery of the left axillary lymph node of mouse bearing L #2, 13 days 
after tumor inoculation. Note tumor cells in the subcapsular sinus and their 
replacement of the tissue of the lymph node. Hematoxylinandeosin. X 400 


Ficure 5.—Replacement of bone marrow by cells of L #2, 10 days after tumor inocula- 
tion. Note that the megakaryocytes have not been displaced. Hematoxylin and 
eosin. XX 200 
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PLATE 133 


Ficure 6.—Perivascular infiltration of tumor cells into liver of mouse bearing L #2, 
10 days after tumor inoculation. Hematoxylin and eosin. X 200 
Ficure 7.—Infiltration into central vein of same liver shown in figure 6. 


Note tumor 
cells in lumen of vessel. 


Hematoxylin and eosin. XX 800 
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PLATE 134 


Figure 8.—L #2 cells entrapped in alveolar walls of the lung. Same animal as figure 6. 


Eosin azure. X 800 


Figure 9.—Low-power view of same lung shown in figure 8, showing thrombus in 


blood vessel. Eosin azure. < 200 
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PLATE 135 
Ficgtre 10.—Alkaline phosphatase is not detectable by Gomori method in cells of L #1 
Print overexposed to give some detail. Xx 200 
Figure 11.—Cells of L #2 are strongly positive to the Gomori alkaline phosphatase 
test. 200 


Fictre 12.—Alkaline phosphatase distribution in spleen of mouse bearing L 
days efter tumor inoculation. 


splenic tissue. 


#2, 11 


Tay, 


Cells of L #2 have almost completely replaced normal 
200 


Gomori alkaline phosphatase technique. 
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A STUDY OF A URINE EXTRACT TEST 
FOR CANCER!? 


Joun L. FarRRINGER, JR., M. D.,3 The Institute of Pathology, 
University of Tennessee, and The John Gaston Hospital, 
Memphis, Tenn. 


Effective treatment of malignant disease is dependent upon the early 
diagnosis of the disease. Because of this fact there has been much recent 
interest in the development of some method which will at least aid in 
earlier diagnosis of malignant disease. Such a test or method is particu- 
larly desirable in patients with suspected malignant disease in organs or 
tissues where the signs and symptoms are not clear cut. Each year, new 
cancer tests appear in the literature and most of them claim a high degree 
of sensitivity and specificity. The necessity of attempting to duplicate 
these results in various laboratories is apparent. One such test is that 
reported by Roffo (1) in Argentina in 1944 and in this country by Beard 
in 1947 (2-5). Beard’s work has been widely commented upon, but it 
was not until late in the course of the present experimental work that the 
excellent paper by Wilt and Nicholson (6) was published. This well- 
planned work varied from the method used by Beard in that Wilt and 
Nicholson have used as their controls, animals injected with the extract 
of urine from individuals with nonmalignant disease whereas Beard used 
uninjected controls. The method used by Wilt and Nicholson is admit- 
tedly more correct from a statistical point of view, but it was felt that the 
present data in which uninjected controls were used would be of value 
in confirming the findings of Wilt and Nicholson and also in presenting the 
results of injection of an extract of the Beard type into guinea pigs. 

The test reported by Roffo (1) and Beard (2-5) consisted of injecting 
into immature rats an extract of the urine of patients with malignant 
disease. A positive test was reported when either the gonads or the 
spleens of the animals became enlarged after 48 hours. 

Using this method, Beard reported 130 positive tests in 134 cases of 
known malignancy tested. Roffo stated that he had obtained 1,000 
positive reactions in 1,000 cases of malignancy tested. Encouraged by 
the work of Dobriner e¢ al. (7, 8) and Rhoads et al. (9), who reported 
finding an abnormal distribution of the ketosteroids in the urine of patients 


1 Received for publication February 4, 1952. 

2 This investigation was supported in part by research grants from the American Cancer Society, and the 
National Cancer Institute, National Institutes of Health, U. S. Public Health Service. 

3 At present; Assistant Resident Surgeon, The John Gaston Hospital. 
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with malignant disease, the biological test for cancer as proposed by Beard 
(2-5) was included in the present experiment. 

In the beginning of this work the guinea pig was used, although Beard 
used the albino rat. The guinea pig was chosen because it was thought 
that the expected larger size of the organs of this animal would eliminate 
a possible source of error. The susceptibility of the rat to infection and 
injected chemical irritants makes it a less suitable animal than the guniea 
pig, providing the guinea pig shows a similar response. In addition, 
the demonstration of a like response in two different rodents would lend 
weight to the thesis proposed by Beard. However, it soon became 
apparent that by using the guinea pig, the high degree of accuracy reported 
by Beard could not be obtained. Therefore, in a small series of cases, the 
determinations were made on albino rats. 


METHODS AND MATERIALS 


Patients.—Seventy-four cases were studied (see table 1). Forty-one 
of these had malignant disease which was established by microscopic 
examination of tissue. In the cancer group, 34 tests were performed 
using the guinea pig as the experimental animal. Fourteen tests were 
run using the albino rat as the experimental animal. Seven of these cases 
were tested on both animals. The diagnoses of proved malignant disease 
are shown in table 2. 


TaBLeE 1.—Cases tested and animals used 














Number of cases — on Rat only Both animals 
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All of the 33 control cases were tested on the guinea pig and 17 were 
also determined on the rat. The age, sex and diagnoses of the control 
cases are given in table 3. 

Most of the cases of cancer were far advanced ones, and although the 
diagnosis was known to the experimenter at the time of collection of the 
specimen, the information was not before him during the performance of 
the test. The control cases were selected to include, insofar as is possible 
in a small series, a wide variety of nonmalignant diseases and also to 
include some of the conditions reported to give false positives on this and 
other cancer tests. The control patients are in a much younger age group 
than the cancer patients; it was thought that this would reduce the 
possibility of an undetected malignancy. The difference in age of the 
two groups has been considered in evaluating the results. 








URINE TEST FOR CANCER 


TABLE 2.—Cancer cases 
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° _— Results 
ag Diagnosis pales Sex 
Guinea pigs Rats 
1 | Carcinoma, site of origin un- 84 M Positive ___--- 
determined. 
2 | Carcinoma, site of origin un- 46 F Positive - ---_- 
determined. 
3 | Carcinoma, site of origin un- 49 M Positive __--_-- 
determined. 
4 | Carcinoma, site of origin un- 49 F Positive -_---.- 
determined. 
5 | Carcinoma, site of origin un- 66 M Negative _ --~- 
determined. 
6 | Carcinoma, site of origin un- 70 F Negative _ _ - _- 
determined. 
7 | Carcinoma, site of origin un- 53 M Negative _ ___- 
determined. 
8 | Carcinoma of prostate___-_---__- 77 M Positive _ - ---- 
9 | Carcinoma of prostate___------- 59 M Positive _----- 
10 | Squamous-cell carcinoma of 49 M Positive. ----- 
oral mucosa. 
11 | Squamous-cell carcinoma of 64 | M | Positive... 
oral mucosa. 
12 | Squamous-cell carcinoma of 71 M Positive -_-_-~_- 
oral mucosa. 
13 | Adenocarcinoma of breast ____ -- 59 F Positive ___ ~~. 
14 | Adenocarcinoma of breast ___ _ - 61 F Positive - - - - -- 
15 | Adenocarcinoma of larynx _- - _ -- 63 M Positive___-_-_- 
16 | Osteogenic sarcoma__---------- 39 M Positive _-_--- 
17 | Carcinoma of cervix uteri-_- -___- 26 F Positive ------ Negative 
18 | Carcinoma of cervix uteri_....--| 36 F Positive ------ Negative 
19 | Carcinoma of cervix uteri___-__-_- 47 F Negative _ --__- 
20 | Carcinoma of cervix uteri___- - -- 43 ay eee Negative 
21 | Carcinoma of cervix uteri_-_ ---- 53 | dys, ee el Se ey Positive 
22 | Carcinoma of cervix uteri______- 45 ee ee Positive 
23 | Squamous-cell carcinoma of 79 F Positive____.- 
labia majora. 
24 | Adenocarcinoma of rectum ___-_- 66 M Positive - --.-- 
25 | Adenocarcinoma of rectum _____ 66 F Negative _ ---- 
26 | Carcinoma of esophagus - - -- --- 76 M Positive - - _ - _- 
27 | Carcinoma of colon - -_-------- 59 M Positive --_---- Negative 
28 | Carcinoma of colon_--_-_-----_-- 55 2 BSS Negative 
29 | Carcinoma of colon---_--_-_----- 67 i BEES Ee Positive 
30 | Carcinoma of glans penis-_-__-_- -- 45 M Negative _ - - -- 
31 | Carcinoma of glans penis____--- 66 M Negative _ ___- Positive 
32 | Carcinoma of vulva_-_-_-_-_--_--- 59 F Negative _ --_- 
33 | Neuroblastoma of adrenal____-- 7 F Negative _____ 
34 | Squamous-cell carcinoma of 58 M Negative - - - _- Positive 
skin. 
36 | Pibposareomse...............-. 67 F Negative. ____- Negative 
36 | Chondrosarcoma. -_---------- 30 F Negative - ---- 
37 | Squamous-cell carcinoma of 51 M Negative - - - -- 
bronchus. 
38 | Adenocarcinoma of stomach___- ¢7 M Negative _ -_-_- 
39 | Carcinoma of fundus uteri - - - - - 49 F Negative - - - -- Positive 
40 | Adenocarcinoma of breast ____- - 57 P Ccacaveaeswase Negative 
41 | Squamous-cell carcinoma of 72 ia, Se eS ee Negative 
skin. 
TOTALS: 
Positive 19 Positive 6 
Negative 15 Negative 8 











Years 
Average age of patients with positive results on test on guinea pigs... _..-------..--------------------------- 58.4 
Average age of patients with negative results on test on guinea pigs “ ae - j 
Average age of patients with positive ee ERE TREAT ss 





Average age of pat with results on test on rats__. 





204096—52——-13 
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TABLE 3.—Control cases 





| 





























| | Results 
sre | Piagnoxs | Att | ses | 
Guinea pigs Rats 
EE ME A 17 F Positive - --.--- Positive 
2 Fae oe Gace 21 F Positive - - _--- Positive 
3 i ree eee 23 F Positive ____- Positive 
4 PE ES Ae 32 F Pusitive...... Negative 
5 ee Ry = Se ey eee 21 F Negative _ ___ 
6 | Diabetes mellitus__.__..._--_-- 29 F Positive _ __ __- 
7 | Cardiac decompensation _---_--- 48 M Positive ____-- 
8 | Rheumatic fever_____.___--_-- 13 M Positive ____-- | Positive 
9 | Fracture of long bone___-_---- 40 M Positive _ _ ---- Negative 
10 REE * 35 M Negative - - - - - Negative 
11 CO 21 M Negative - - - -- Negative 
12 i aac 28 M Negative ___-_- 
13 eee 41 M Negative _ Positive 
14 | Pulmonary tuberculosis - - ----- 25 F Positive _____- 
15 Pe en era 66 F Negative ___-_- 
16 ae 56 F Negative ____- 
17 | Infectious hepatitis.___......_- 30 F Positive _ ____- 
18 | Pelvic inflammatory disease - - - 32 F Negative _ ___- Negative 
19 - nae 17 F Negative ____- Positive 
20 | Fibromyomata uteri_.._______- 35 F Negative _ _ _ _- 
21 LCE ea 37 F Negative ____- 
22 | Normal healthy adult__..____- 29 M Negative____- 
23 Ry)” ietaieatens 27 F Negative _ __-_- 
24 | Cellulitis of the arm_________- 22 F Negative _-___- | Positive 
ee ree 17 M Negative ____- | Negative 
26 | Pilonidal cyst and sinus______- 21 M Negative ___-_- | Negative 
27 | Nodular toxic goiter and men- 79 F Negative ____- | 
ingoendothelioma. 
28 | Ruptured appendix._________- 17 M Negative ___-_- Negative 
29 | Gonorrheal arthritis____.____- 44 M Negative - Negative 
30 | Traumatic rupture of urethra__- 23 M Negative _ - _ _- | Positive 
31 | Infectious arthritis.__________ 24 M Negative____-_ 
32 | Lymphoid leukemia_-_-_--_____- 54 M Negative _____| 
33 | Myloid leukemia___._.______- 47 M Negative -_-_- 
TOTALS: | 
Negative 23 | Negative 9 
| Positive 10) Positive 8 
Years 
Average age of patients with positire results on test on guinea pigs - pidbuleitiesee caitacranamemeiebinnadeaatsaevaranietaiaadis 27.8 
Average age of patients with negatire results on test on guinea pigs__.-.............-------------------------- $4. 48 
Average age of patients with positive results on test on rats. _.................-...-.-----.-------------------- 22.12 
Average age of patients with negative results on test on hesitant earn Bick ea ann eae aet I CE NR 9 to 8 28.66 


Chemical methods.—The urine in amounts of 500 ml. to 1,000 ml. was 
collected in 2,000-ml. brown bottles in which was placed 50 ml. of 95 
percent ethanol as a preservative. The collection period never exceeded 
48 hours and in most instances was 24 hours or less. The specimens 
were refrigerated until extraction was begun. The storage period in no 
case exceeded 4 days. 

The urine samples of 500 ml. to 1,000 ml. each were placed in the 
round-bottom flask of the Wilson, Grauer and Saier (10) Urine Hormone 
Extractor. This apparatus differs from the Koch extractor used by 
Beard only in that the latter has an outlet spigot on the bottom of the 
extraction chamber. To the Erlenmeyer flask of the extractor was added 


150 ml. of anesthetic grade diethyl ether and 150 ml. of 95 percent ethanol. 
The extraction chamber was filled to the side arm with anesthetic grade 
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diethyl ether. The Erlenmeyer flask was placed over an electric hot 
plate and the temperature regulated so that there was a steady reflux 
of the solvent. The extraction was allowed to continue for 48 hours. 
At the end of this period of time, the solvent was changed and the extrac- 
tion continued for another 48 hours. The original solvent was refrigerated 
while extraction with the second portion of the solvent was being carried 
out. 

The two portions of the solvent were then pooled and evaporated in 
vacuum so that the temperature of the solvent did not exceed 50° C. 
This evaporation was continued until 10 to 15 ml. of the solvent remained. 
This residue was diluted with saline so that each 2 ml. of the final product 
was equal to each 100 ml. of the original urine. 

Animals used.—Virgin guinea pigs weighing between 200 gm. and 700 
gm. and albino rats weighing between 60 gm. and 140 gm. were used as 
indicators in this experiment. Three animals of the same sex and approx- 
imately the same body weight were selected as the experimental animals 
for each test. Each animal received 2 ml. of the diluted urine concentrate 
intraperitoneally. At the time of the injection, 3 animals of the same 
sex and approximately the same weight were selected as control animals 
and so labeled. When injections of several different specimens were made 
at the same time, 4 or 5 animals of the same sex and approximately the 
same weight were selected as controls for all specimens. 

At the end of 48 hours, all animals were killed. The spleens, testes, 
seminal vesicles, or ovaries, tubes and uterus down to the vaginal cuff 
were removed and cleaned of excess tissue. Each set of organs was stored 
in a covered petri dish, the bottom of which was covered with moist 
filter paper, to prevent drying of the tissue until weighed. 


METHOD OF CALCULATING RESULTS 


The calculations to determine the ratio of the body weight to organ 
weight were done as described by Beard (3) who averaged the weights of 
the body, of the spleen, and of the gonads of the tested and control animals. 
The averages of these weights were used to determine an average ratio of 
the body weight to spleen weight and body weight to gonad weight. 
After the average ratios were determined, the percentage decrease in this 
ratio of the tested animals as compared to the control animals was cal- 
culated. The formula used for this calculation was: 


ratio control animals—ratio test animals X 100° 


Percentage decrease= : : 
ratio control animals 





In certain instances it was obvious that there had been an increase in 
the ratio of the test animals as compared with the controls. In these 
cases, the test was considered to be negative without further calculations. 

Following the recommendation of Beard, we have designated as a posi- 
tive test those in which there was a decrease in the above ratio of 20 
percent or more.* 


4 The authors are indebted to S. W. Greenhouse of the U. S. Public Health Service, Bethesda, Md., for his 
consultation with us and statistical calculation of the data in this paper. 
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RESULTS 


Guinea pigs.—In this survey, 34 cases of proved malignant disease were 
studied. A positive diagnosis was made by the biological urine test in 
19 cases of this series. On the first test, 2 of these cases gave a negative 
result, and a positive one on subsequent tests. In one of these 2 cases, 
the original negative result was attributed to the unusually large size of 
the spleen in 1 of the control animals. Four other cases gave positive 
results on the original test, but negative results on subsequent tests. 
These have all been designated as positive results. The complete results 
of these cases where several tests were run on the same specimen are 
described below in this paper. 

There were 15 cases in the cancer group which gave a negative result 
on the biological test. These results are shown individually in table 2 
with the microscopic diagnosis and age of the patient. As may be seen 
from table 2 the average age of the patients giving a positive test, 58.4 
years, does not differ greatly from the average age of 53.4 years for the 
patients whose urine gave a negative result. 

Rats.—When it became apparent that the high percentage of accuracy 
that Beard (2-5) had obtained with the albino rat could not be secured 
with the guinea pig as the indicator, it was decided to carry out some of 
these tests on the albino rat. Seven of the cancer specimens were tested 
on both animals. A very alarming mortality of the rats following injection 
of the extract was found. This mortality was 40 to 50 percent, and it is 
for this reason that such a small series of rats are reported. The rats 
survived after injection of urine extract from 14 of the cases of proved 
malignant disease. Of this group, 6 patients revealed positive biological 
tests and 8, negative tests. These results are reported with the individual 
diagnoses in table 2. 

Table 2 shows that the average age (56.33 years) of the patients giving 
a positive result does not differ greatly from the average of the patients 
with cancer (51.87 years) whose urine gave a negative result. 


ConTROL Cases 


Guinea pigs—Of 33 patients without demonstrable malignant disease 
whose urine was tested on guinea pigs, 10 gave a positive test for cancer. 
Undetected malignancy cannot be definitely ruled out in these cases; how- 
ever, all were on the teaching wards of the hospital and none were sus- 
pected of bearing malignant disease. The average age of these patients 
was 27.8 years. There appears to be no correlation between the age of this 
group and the age of the group of cancer patients who gave a positive test. 

The average age of 23 cases in the control series in which there was a 
negative biological test was 34.48 years. This differs greatly from the 
average age of the cancer group giving a negative test. 

The results of the control series are shown individually with the diag- 
nosis of each case in table 3. It is of interest to note that of the 3 cases 
of pulmonary tuberculosis on whom the test was performed, 2 gave a 
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negative result and 1 gave a positive result. Of the 5 cases of pregnancy 
tested, 4 gave a positive reaction and 1 a negative. 

Rats.—All of the 17 cases without malignant tumors that were tested on 
the rat were also tested on the guinea pig. In this group, 8 gave a positive 
reaction in the biological test. The average age of these patients was 
22.12 years, which shows no correlation with the average age (56.33 years) 
of patients with cancer who gave a positive test. The average age of 28.66 
years of the 9 control cases giving negative reactions does not approach the 
average age of 51.87 years shown by the cancer patients with a negative 
test. The individual results of the tests of the control series using rats 
is shown in table 3. 


DESCRIPTION OF ANIMALS USED 


GuINEA Pics 


Known malignant cases—In the 19 cases of known malignant disease 
that gave a positive test, there are a total of 75 guinea pigs. This repre- 
sents 3 for each specimen in addition to the animals used in the tests 
repeated 2 or more times. Only the animals that were used when a posi- 
tive test was obtained are included in this group. The average weight of 
these animals was found to be 300.19 gm. 

The 15 cases of known malignant disease that gave a negative test are 
represented by 117 guinea pigs that also includes some repeated tests. 
The average of the body weight of these animals was 310.52 gm. This 
does not appear to differ materially from the average of 300.19 gm. ob- 
tained for the cancer cases that gave a positive test. 

Control cases.—One of the 10 control cases in which there was a positive 
biological test for cancer was tested twice on 2 different groups of animals. 
Thus, there were 33 animals in this group. They had an average body 
weight of 285.30 gm. 

There were no repeat tests run on patients without malignant disease 
in the group that gave negative tests. The 69 animals used in this series 
had an average body weight of 286.99 gm. As may be ascertained from 
these figures, the body weight of the test animals had little relation to the 
results of the tests. A comparison of the average weight of the animals 
in the known cancer group that gave positive reactions shows less simil- 
arity to the weight of the animals that gave false positives than to animals 
that gave negative results on patients with malignant disease. The 
weight of the guinea pigs is given in table 4. 


TABLE 4.— Weight of guinea pigs 








A 
Cases weight in grams 
Cancer cases with a positive test_.-| 300. 19 
Cancer cases with a negative test___| 310. 52 
Control cases with a positive test__.} 285. 30 
Control cases with a negative test__| 286. 99 
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Rats 


Known malignant disease-—The animals used in the 6 cases of known 
malignant disease that gave positive tests included 30 rats. The average 
body weight of these animals was 99.45 gm. There were 8 cases of known 
malignant disease determined by rats that gave negative tests. This 
group included 30 rats having an average body weight of 76.92 gm. There 
is of course a considerable difference between the weights of these 2 groups 
of animals. However, 3 sets of animals in the group that gave positive 
tests were much larger animals than the others. The average weights of 
these 3 groups of rats were 141 gm., 137 gm., and 127 gm. This seems 
to be sufficient difference in such a small series to unbalance the average. 

Control cases.—The 8 control cases giving positive tests were represented 
by 24 rats, there being no repeat tests in this group. The average body 
weight of these animals was 89.3 gm. 

The 9 cases in this group giving a negative test included 27 rats. These 
had an average body weight of 94.68 gm. In this group it is the negative 
cases that were weighed unduly by a few heavy animals. It may be seen 
that the body weight in the cancer series giving a positive test more 
closely approximated the body weight in the control series giving a nega- 
tive test, than they do the ones in this control group with a positive test. 
These data are summarized in table 5. 





TABLE 5.— Weight of rats 











Average 
Cases weight in 
grams 
Cancer cases with a positive test.__| 99. 45 
Cancer cases with a negative test ___| 76. 92 
Control cases with a positive test___| 89. 3 
Control cases with a negative test _ -| 94. 68 








Special studies.—To investigate the reliability of the test, three guinea 
pigs were selected at random and labeled “experimental animals,” but 
given no injection of any kind. Three other animals were selected as the 
control animals. All six animals were killed and the body weight deter- 
mined. The gonads and spleens were removed and weighed. When the 
percentage decrease in the ratios of body weight : spleen weight and body 
weight : gonad weight were determined according to the method of Beard 
(3), it was found that there had been a decrease of 21.05 percent in the 
BW :Gratio. According to the criteria established by Beard, this would 
constitute a positive test for malignancy. 

On two occasions, we have injected guinea pigs with physiological 
saline, and after 48 hours sacrificed them along with suitable controls. 
In one instance, there was a decrease of 18.87 percent in the BW: Gratio, 
and in the other a decrease of 17.28 percent in the BW:Sratio. Neither 
of these constitute a positive test, but they are certainly on the borderline. 
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In view of the positive result obtained in the control series in the case 
of diabetes mellitus, 2 ml. of 10-percent glucose was injected into guinea 
pigs on two occasions. In one instance, a positive test was obtained and 
in the other a negative one. 

An attempt was made to evaluate the reproducibility of this test on 
a very limited scale. Four extracts were injected into repeat sets of 
guinea pigs. Tables 6, 7,8, and 9 show that it was impossible in our hands 
to obtain the same results consistently, even though portions of the same 
extract were injected into different sets of animals. In view of the varied 
results, it appears that this difference could not be due to deterioration. 
Similar multiple injections of one specimen were given to rats, and the 
results of this test were no more consistent than those in which the guinea 
pig was used as the indicator. 


TABLE 6.—Results of injection of same specimen into siz sets of guinea pigs 


Case of osteogenic sarcoma 











Days elapsed Percentage decrease in 
between ratio of body weight: Results 
I | spleen weight 
1 22. 95 Positive 
2 30. 42 Positive 
3 22. 06 Positive 
4 8. 112 Negative 
9 | Increase Negative 
11 | Increase Negative 








TaBLE 7.—Results of injection of same specimen into five sets of guinea pigs 


Case of carcinoma of fundus uteri (#74) 








Days elapsed - ‘a 
onauue _ — aa Results 
injection spleen weight 
0 Increase Negative 
1 Increase Negative 
2 Increase Negative 
3 Increase Negative 
4 8. 59 Negative 

















TABLE 8.—Results of injection of same specimen into four sets of guinea pigs 


Case of adenocarcinoma of cervix uteri (#77) 








Days elapsed Percentage decrease in 
between ratio of body weight: Results 
evaporation and spleen weight or body 
injection weight : gonad weight 
0 21.95 BW/S Positive 
1 Increase Negative 
2 20. 36 BW/G Positive 
6.87 BW/S 7 . 
3 {it 20 BW/sf | Negative 
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TABLE 9.—Results of injection of same specimen into five sets of guinea pigs 


Case of adenocarcinoma of breast (#75) 








Days clapsed decrease in 
a oot weight: Results 
injection spleen weight 

0 Increase Negative 
1 23. 24 Positive 
2 8. 22 Negative 
3 26. 17 Positive 
4 12. 19 Negative 

















The spleens and gonads of 21 guinea pigs injected with urine from cancer 
patients, and those of an equal number of control animals, have been 
studied microscopically. The organs of rats that were used for injection 
of urine from patients with malignant disease were also studied along with 
10 control animals. This failed to reveal any difference between the test 
animals and the control animals. This is in contrast to the findings of 
Beard (3), who reported extreme spermatogenesis, and fragmentation of 
the germinal centers of the spleen. 


Tests ON RABBITS 


Beard (3) has raised the question as to whether the substance responsible 
for the enlargement of the gonads and spleens which he observed may be 
the APL hormone responsible for the Aschheim-Zondek test (11) for 
pregnancy. A partial answer to this question can be supplied by the work 
we have carried out on rabbits. A total of 23 virgin does, isolated for 90 
days, have received concentrates of extracts of urine. These injections 
were given intravenously and the animals sacrificed 48 hours later. The 
first rabbits tested received 2 ml. of the concentrate (there were 6 rabbits 
in this group); 7 rabbits received 4 ml.; and 10 rabbits received 6 ml. 
These 23 specimens of urine represented 14 patients with proved malig- 
nancy and 9 patients without demonstrable malignancy. Of the 14 cases 
of malignant disease, there were grossly demonstrable corpora hemorrhagi- 
cum in 4 cases, and no such evidence of ovulation in the control series. 
Perhaps of greater significance is the fact that the control cases included 2 
cases of pregnancy, one at 5 months’ gestation and one at 6 months’ 
gestation. In neither case was there evidence of ovulation in the rabbit 
at the end of 48 hours. It would appear that this ether-alcohol extraction 
technique does not remove the APL hormone responsible for the Friedman 
(12) test. It seems illogical, therefore, to postulate that this hormone, 
even if present in the urine of patients with malignancy, would be re- 
sponsible for the enlargement of the gonads and spleens of animals. 


DISCUSSION 


It is apparent from the foregoing results that there is no correlation 
between positive results of this test and the presence of malignant disease. 
In this study, using guinea pigs, a correct diagnosis was made in 19 of 
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34 cases of malignant disease. In the control series, using the guinea pig, 
a correct diagnosis was obtained in 23 of 33 cases. 

Using the rat, a correct diagnosis was obtained in 6 of 14 cases of proved 
malignant disease, and in 9 of the 17 control cases. 

We have attempted to follow the method of Beard (3), in the greatest 
detail when rats were used, and this same method has been followed when 
guinea pigs were used except for the change in the animals used. 

It appears from the results that the biological test for malignancy re- 
ported by Roffo (1) and Beard (2-5) is not applicable when guinea pigs 
are used as the indicators. 

Although there is reported here much too small a series of cases in which 
the rat was used as the indicator to draw any conclusions, it would seem 
that the 100 percent accuracy reported by Roffo and the 97.5 percent 
accuracy reported by Beard cannot be duplicated in laboratories which 
have occasion to run only a few of these tests. Furthermore, additional 
work must be done to determine whether the factors being tested by this 
method have any relation to cancer in the body of the patient under 
consideration. We do not believe that the present evidence indicates 
such a relationship. 


SUMMARY 


A total of 74 biological urine extract tests for cancer were performed, 
using either the albino rat or the guinea pig as the test animal. The 
chemical method used was a continuous extraction of the urine of the 
patient with ether and ethanol. This solvent was concentrated by 
evaporation in vacuum and the concentrate injected into the test animal. 
The animals were killed 48 hours after injection, and their gonads and 
spleens weighed. The test has been considered to be a positive one for 
cancer if the ratio of body weight to spleen weight or body weight to gonad 
weight of the experimental animals decreased as much as 20 percent as 
compared with uninjected control animals. 

A correct diagnosis was made by this test, using guinea pigs, in 19 of 
34 cases of malignant disease, and in 23 of 33 control cases. When the 
albino rat was used as the test animal, a correct diagnosis was made by 
this test in 6 of 14 cases of malignant disease, and in 9 of 17 control cases. 

These results do not indicate any correlation between malignant disease 
in the body of the patient and a positive result on the test under study. 
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STUDIES ON EXPERIMENTAL CARCINO- 
GENESIS IN THE COLON AND RECTUM 
OF THE RAT !? 


Joun Laurens,’ M. D., and Harry E. Bacon, M. D., 
F. A. C. S., Department of Proctology, Temple University 
School of Medicine and Hospital, Philadelphia, Pa. 


REVIEW OF ExPERIMENTAL OBSERVATIONS 


The experimental production in animals of neoplastic lesions involving 
the gastrointestinal tract similar to those found in human beings has 
proved to be extremely difficult and rarely successful (5). Furthermore, 
the occurrence of spontaneous gastrointestinal neoplasms in animals, 
clinically and pathologically similar to those of man, has been most unusual. 
Wells, Slye, and Holmes (19) found only 71 carcinomas in a study of the 
intestinal tracts of experimental and domestic animals and those dying 
in zoological gardens throughout the world, and, of these, 2 were primary 
in the cecum and 1 in the colon. In 142,000 mice, all dying of natural 
causes, these authors found 19 primary intestinal neoplasms, 11 of these 
being in a prolapsed rectum; and, in a review of the literature, observed 
only 6 additional cases of spontaneous cancer of the large intestine in mice. 
In the rat, the animal selected for use in the present study, similar findings 
have been noted. In a large colony, Bullock and Curtis (3) detected 
309 malignant and 212 benign neoplasms, and the cecum was the only 
portion of the large intestine which gave rise to primary tumors, account- 
ing for 10, of which 7 were sarcomas, 2 fibromas, and 1 carcinoma. 

In 1915, the Japanese announced the first successful production of 
cancer in an experimental animal (4). In extensive experiments with 
mice performed during the past decade by Lorenz and Stewart (7, 8, 9, 
16, 17), a relatively high proportion of precancerous and cancerous 
lesions were produced in the forestomach and small intestine by incorpo- 
rating carcinogenic hydrocarbons in the diet, and gastric adenocarcinomas 
were readily produced by injecting methylcholanthrene into the wall of 
the stomach. No tumors were induced in the large intestine, and it was 
shown by spectrophotometric examination of the feces that the carcinogen 
was present down to the ileocecal region, but was converted in the large 
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bowel to a new, noncarcinogenic compound, either by the action of the 
intestinal flora or by some unknown mechanism. Furthermore, it was 
stated that the large intestine is refractory to tumor formation because 
of the constant protective action of the mucous secretion. In one of 
these experiments (16), adenomatous polyps of the colon were noted in 
a few of the animals, but it was suggested by the authors that these tumors 
might be spontaneous. Bielschowsky (2), in his experiments using 
2-acetyl-amino-fluorene, reported 5 cases of cancer of the intestine occur- 
ring in a group of 104 rats which had received the carcinogen daily in 
their diet for a period of 30 weeks. However, only one of these, an adeno- 
carcinoma of the cecum with metastasis to the liver, involved the large 
bowel. Lisco, Finkel, and Brues (6), in a study of the carcinogenic 
properties of internal irradiation, described the occurrence of carcinoma 
of the colon in rats which had been fed radioactive yttrium. It was 
found that this substance was practically not absorbed from the intestine 
and when fed by stomach tube, remained longest in the colon. In 1 
group of 33 animals, 4 died with adenocarcinoma of the colon, the earliest 
tumor appearing 135 and the last 506 days after a single feeding of radio- 
yttrium. In another group, 75 percent of the animals receiving repeated 
feedings of high doses of Y* died with carcinoma of the colon between 
304 and 548 days after the first feeding. 

Spitz, Maguigan, and Dobriner (15), on the other hand, injected 385 
rats subcutaneously with benzidine, and in 7 instances, adenocarcinomas, 
similar histologically to human intestinal cancer, arose at the junction of 
the rectum and colon. However, these studies were concerned with 
tumors produced at sites distant from the application of the carcinogen. 
Lushbaugh and Hackett (12), also working with rats, noted a hitherto 
undescribed epithelial lesion in the colons of some of the animals whose 
diet included a heavy lubricating motor oil. In 50 percent of one group, 
an adenomatous infiltrating mucosal lesion was observed, this change 
appearing carcinomatous because of glands which infiltrated all layers 
of the wall. They concluded, however, that, in spite of the presence of 
histologic evidence of malignancy, these lesions could not be classified as 
malignant, and that inflammation and infection played as great a réle as 
did the oil. 


PRESENT Stupy 


The significance of benign precancerous lesions of the colon and rectum 
in the pathogenesis of malignant tumors of this portion of the gastro- 
intestinal tract in man is universally recognized, and the intimate rela- 
tionship between adenomas and carcinomas of the large intestine has been 
emphasized in the literature (1, 18, 20). Because of our special interest 
in this subject, an attempt has been made to produce, by experimental 
methods, tumors of the rectum and colon of the rat, in order to observe 
and study the development of the benign into the malignant process. 
The rat was chosen for this work because it has been shown to be a suit- 
able animal in which to study experimental carcinogenesis, and because 
of its adaptiveness to surgery and its good operative risk. 
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MATERIALS AND METHODS 


Adult Wistar rats, ranging from 6 weeks to 12 months in age, were 
selected. The carcinogenic agent chosen was 20-methylcholanthrene, a 
proved potent carcinogen. The technique used in the present study was 
as follows: Under ether anesthesia, a midline incision was made in the 
abdomen and the peritoneal cavity carefully explored for evidence of 
tumors. A loop of sigmoid colon was then exteriorized, and the abdomen 
closed with interrupted silk sutures. A small piece of plastic tubing was 
passed through the mesocolon to prevent the bowel from retracting. A 
metal cup was then placed over the extruding unopened bowel and held 
securely in place by gauze saturated in heavy collodion. This was neces- 
sary to prevent the animals from eviscerating themselves and one another. 
In 48 hours, the rat was reanesthetized and the colon completely divided, 
thus rendering the distal sigmoid and rectum nonfunctional. The distal 
loop was then thoroughly irrigated through and through to remove all 
fecal particles. No protection of the wound was necessary following this 
procedure as the animals attempted to protect rather than destroy the 
new artificial anus. Several days later, the rat was once again etherized 
and one of two things done. In 9 rats, a small gelatin capsule was filled 
with a 0.5-percent solution of methylcholanthrene in paraffin oil and 
placed in the rectum through the anus, which was then closed with a 
purse-string suture of silk. In 6 rats, a similar solution was used, but 
instead was injected into the submucosa of the lower rectum, using a fine 
needle and leaving the anus open. In 3 rats, each of the above procedures 
was repeated, using the paraffin-oil alone as a control. In addition, a 
colostomy was performed on 3 animals and nothing inserted in the bowel; 
methylcholanthrene solution was injected into the rectal wall of 6 animals, 
without a colostomy being done; and in 6 other subjects, a similar solution 
was injected into the subcutaneous tissue of the lower back. The dosage 
employed in each instance was 1 cubic centimeter of 0.5 percent methyl- 
cholanthrene. Finally, 4 rats were merely observed and nothing done to 
them. All of the animals were first carefully examined for any evidence 
of tumor. In the group of animals in which a colostomy was performed 
and methylcholanthrene-filled capsules inserted in the rectum, the process 
was repeated at intervals of 21 days, placing the material in the sigmoid end 
of the loop on all subsequent occasions, as the anus had been previously 
closed. In the process of perfecting our technique, especially from the 
standpoint of anesthesia, a considerable number of animals died in the 
immediate postoperative period, and were consequently excluded from this 
study. No tumors were observed in any of these, and it was found that, 
in all cases in which capsules were introduced into the terminal colon, the 
gelatin dissolved readily within 24 hours. As far as could be ascertained 
by careful observation, the capsules were not expelled from the colostomy, 
nor was any discharge of the carcinogen-laden oil noted from the stoma. 
Several rats died as a result of intercurrent infection, others expired from 
what appeared to be old age, and the remainder were killed and autopsied 
after periods ranging from 120 to 185 days following the initial insertion or 








1240 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


injection of methylcholanthrene. At the time of the post-mortem exam- 
ination, the abdominal and thoracic organs were carefully removed and 
surveyed grossly. The distal sigmoid loop together with the rectum and 
anus were dissected out and opened longitudinally, and the mucosa of the 
bowel studied with a hand lens. In all animals, regardless of what was 
found at autopsy, longitudinal sections were taken from the sigmoid, the 
rectum, and the ano-rectal junction. In addition, representative sections 
of mesentery, liver, spleen, and lung were taken in selected cases. All 
sections were fixed in formalin, cut, and stained with hematoxylin and 
eosin, except for one case in which special stains were obtained. 


RESULTS 


Group I.—Nine rats (colostomy, methylcholanthrene capsule in rectum, 
anus purse-stringed): Eight rats were killed approximately 175 days after 
the first insertion of methylcholanthrene. No tumors were found at 
autopsy. One female rat, killed after 175 days, presented a hyperplastic 
growth involving the distal colostomy stoma and the first 8 millimeters of 
the nonfunctioning sigmoid (fig. 1). This atypical hyperplasia, as we 
chose to call it, is not unlike the changes reported by Lushbaugh (10, 11, 
12) in the stomachs and colons of his rats and monkeys, which he called 
an infiltrating adenomatous mucosal lesion, and which he felt was not 
neoplastic but was a hyperplasia secondary to chronic irritation. 

Group II.—Six rats (colostomy, methylcholanthrene injected into wall 
of rectum): Three rats died after periods ranging from 24 to 81 days. 
No tumors were observed at autopsy. Two rats were killed after 125 
days, and a third after 163 days. Again, there was no evidence of tumor 
at the time of autopsy. 

Groups III and IV.—Six rats (3 controls each, using paraffin-oil alone, 
and repeating procedures of I and II): All rats killed and autopsied after 
180 days: no tumors found. 

Group V.—Six rats (injection of methylcholanthrene into rectal wall 
without colostomy): Five rats killed and autopsied after 120 days; no 
tumors found. One female rat, in which on palpation of the abdomen 120 
days after injection of methylcholanthrene, a hard tumor mass was felt 
in the lower portion, was sacrificed and a firm, yellowish-white tumor, 
measuring 3 X 2 centimeters, was found dorsal to the rectum, to which it 
was firmly attached, and from which it appeared to arise. The lumen of 
the bowel did not appear to be involved, and contained several fecal 
pellets. A loop of small intestine was adherent to the superior pole of the 
tumor. Figure 2 reveals the tumor with the attached sigmoid, rectum, 
anus, and a loop of small bowel. The rest of the organs were normal. 
Multiple sections were made of this tumor mass, and it was seen to arise 
from the outer muscle layer of the rectal wall. The routine hematoxylin- 
eosin staining method revealed a malignant tumor of sarcomatous nature 
(figs. 3, 4). Consequently, Masson’s trichrome and van Gieson’s stains 
were obtained, and in both instances, the diagnosis of a sarcoma of smooth 
muscle origin, or leiomyosarcoma, was suggested. No similar lesions 
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were detected in a group of a total of almost 100 animals, and it was felt 
that this was an induced rather than a spontaneous tumor. 

Group VI.—Three rats (colostomy alone): No tumors observed at 
autopsy after 150 days. 

Group VII.—Six rats (methylcholanthrene injected into subcutaneous 
tissue of back): Autopsy revealed no evidence of tumor after 120 days. 
This was an unexpected result, as fibrosarcomas following such injections 
have been reported on numerous occasions. 

Group VIII.—Four rats; observed for 175 days; no tumors found at 
autopsy. 

SUMMARY 


The literature on experimental gastrointestinal carcinogenesis in animals 
has been reviewed. 

A study has been undertaken to determine whether or not premalignant 
and/or malignant lesions of the distal colon and rectum can be produced 
experimentally in rats by the local application or injection of methyl- 
cholanthrene. 

No true adenomas or carcinomas of the rectum or colon were found in 
any of the animals. 

The hyperplastic, adenomatous, infiltrating, mucosal lesion which 
occurred in one animal was interpreted as atypical epithelial hyperplasia, 
because of the associated chronic inflammatory response and lack of any 
prominent pleomorphism indicative of neoplasia. 

The occurrence of the sarcoma in the wall of the rectum of one rat was 
probably secondary to the carcinogen employed. Although such tumors 
are relatively common in the gastrointestinal tract following use of methyl- 
cholanthrene, we observed only this one, and felt that it should be pre- 
sented for its experimental interest. No such tumors were found in a 
total of almost 100 animals. 
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PLaTE 136 


Figure 1.—Rectum to show atypical hyperplasia —This section shows not only an 
increase in the number and size of rectal glands, but an atypical morphology 
of their lining cells. Accompanying this glandular response there is a relatively 
abundant chronic inflammatory reaction, which may be responsible for the peculiar 
epithelial changes. Hematoxylin and eosin. X 100 

Figure 2.—Intact specimen of tumor arising from the dorsal wall of the rectum. The 
lumen of the bowel is not involved as evidenced by the fecal pellets within it. A 
loop of small intestine is adherent to the superior pole of the tumor. 

FicureE 3.—Leiomyosarcoma of rectum.—The intact mucosal surface is visualized and 
within the wall, apparently associated with the outer muscle layer, there is neo- 
plastic proliferation of spindled and rounded cells, which on special stain appeared 
to be of smooth muscle origin. Iron alum hematoxylin. X 40 


Ficure 4.—Leiomyosarcoma of rectum.—This section shows the tumor under higher 
magnification. There is pleomorphism and hyperchromatism of the component 
cells, which features attest to its malignant or sarcomatous nature. Hematoxylin 
and eosin. X 440 
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THE GROWTH JIN VITRO OF MASSIVE 
CULTURES OF LIVER CELLS! 
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Institute,? Bethesda, Md. 


The procedures reported by Evans and Earle (1) for growing fibroblasts 
and sarcoma cells under perforated cellophane have been used to develop 
a strain of liver cells that has been carried continuously for over 3 years. 
Elaboration of the original procedure has made it possible to use cell 
suspensions for subculturing these liver cells into all subsequent generations 
and ultimately to produce large masses of tissue. 

The purpose of this paper is to describe the history of this strain of 
cells, its morphologic development to its present degree of stabilization, 
and to attempt to identify the cells. 


MATERIALS AND PROCEDURES 


Preparation of cellophane substrate—Two designs (2) of cellophane 
were used in this study. Initially, Dupont PT 62, thickness 450, with 
Beckley Design 00 perforations was used; the later design was Beckley 
Design OC. The cellophane was prepared for the D-3.5 modified Carrel 
flasks (3) and the T-60 flasks (4) according to the procedure described 
(2). The cellophane in the T-60 flask, used for growing larger masses of 
tissue, varied from that used in the D-3.5 flask only in size and shape. 
The piece for the T-60 flask had a surface area of approximately 60 cm.? 
Each disc, or strip, was inserted into the flask for which it was prepared 
and the flask and contents were sterilized at 20-pounds pressure for 1 
hour and then dried for 1 hour in the autoclave. Once autoclaved, the 
cellophane was never re-used. 

Source of tissue and handling of Carrel D-3.5 cultures—The liver of a 
48-hour-old male mouse, Andervont line of the strain C3H, was used as 
the source of tissue. The mouse was killed by decapitation. The liver 
was removed aseptically and placed in a dissecting dish containing Earle’s 
balanced saline (3). Approximately 1 X 3 X 6 mm. strips were cut 
from each lobe. The greatest dimension was obtained by slicing a 
rectangle of tissue almost completely lengthwise and then folding back 

1 Received for publication February 11, 1952. 
3 National Institutes of Health, Public Health Service, Federal Security Agency. 


204096—52——-15 1245 








1246 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


the parenchymatous tissue to an obtuse angle. Each strip was imme- 
diately immersed in the fluid culture medium of horse serum, saline, and 
chick-embryo extract (3) in the hollow of a spot plate. 

One ml. of the fluid culture medium was added to each D-3.5 Carrel 
flask. One edge of the moist cellophane was raised and as each tissue 
strip was removed from the hollow well of the spot plate it was imme- 
diately centered under the raised cellophane by means of the platinum 
spatula (3, 5). Then the cellophane was lowered and gently flattened 
on the flask floor. The flasks were sealed with rubber stoppers and 
incubated at 37.5° C. 

Thrice weekly, the fluid culture medium was withdrawn and fresh 
nutrient was added; the amount replaced depended upon the quantity of 
migrated cells in each culture. When the volume of migrated cells was 
limited, as little as 0.3 ml. was replaced. Once cultures had been estab- 
lished, 1.0 ml. of culture medium was routinely placed in each flask at 
each renewal period. Preceding each 72-hour interval between fluid 
renewals, cultures with profuse growth received 2.0 ml. of fresh culture 
medium. Immediately following the addition of fresh fluid, each culture 
was gassed with 5 percent CO, in air for 5-10 seconds (6). 

Immediately preceding the transfer of the first generation of cells to 
the second, the old fluid in each flask was replaced by 1.0 ml. of fresh 
fluid. The cells on the upper and lower surfaces of the cellophane and on 
the glass floor of each flask were then gently scraped loose from their 
support by means of the platinum spatula. This coarse cell suspension 
was removed from the flask with a pipette, and was flooded onto the 
cellophane in the new flask. In succeeding generations two flasks were 
implanted with equal amounts of the cell suspension obtained from each 
parent culture. 

Handling of large cultures——Larger volumes of cell suspensions were 
cultured in the T-60 flasks. The first culture in this size of flask was made 
from combined cell suspensions of four dense cultures in D-3.5 flasks. 
The cells from each D-3.5 flask were suspended in 1.0 ml. of fresh culture 
fluid, and were rapidly pipetted into the larger flask. These larger cul- 
tures were gassed with the same mixture used for the smaller cultures, 
but the gassing period was increased to 20 seconds. The fluid-renewal 
intervals for these larger cultures were the same as for the D-3.5 Carrel 
flasks. In each early transfer generation of this cell strain in T-60 flasks, 
when the cell proliferation was slow and limited in amount, the volume of 
culture fluid was kept low. Later, when cell proliferation increased and 
stabilized, three consecutive renewals of 9, 12, and 13 ml., respectively, 
were routinely made in each culture generation. 

The transfer procedures were fundamentally the same as those for the 
D-3.5 cultures. The manner of effecting the transfer varied in that a) 
the platinum-iridium rake (5), especially designed for scraping cells in this 
type of flask, replaced the platinum spatula used with the D-3.5 flask 
cultures, 5) larger pipettes were used to handle the coarse cell suspensions 
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dispensed into each flask, and c) the cell suspension was prepared 24 
hours after the third fluid change. 

Injection procedure.—Cells used for injections into mice were from 
cultures that had reached the transfer age of 7 days and were proliferating 
rapidly; infrequently 6- or 8-day-old cultures were used. Each injection 
was made from the entire cell growth that could be scraped from the cello- 
phane sheet and flask floor of a T-60 flask. The suspension of cells was 
introduced into a sterile graduated centrifuge tube with a conical bottom 
and centrifuged at 1,100 r.p.m. (240 g) for 5 minutes (5). The super- 
natant was then withdrawn to the 0.5-ml. mark. The pellet of cells was 
withdrawn, with the remaining fluid supernatant, into a 1.0-ml. tuberculin 
syringe fitted with an 18-gauge needle, 3.3 cm. long. All mice used for 
injection were 1- to 3-month-old male C3H strain, Andervont substrain. 
The procedure for preparing the mice for injection, and the manner of 
injection, were otherwise identical with that employed by Earle, Shelton, 
and Schilling (7). 

Cell observations and photographic records.—At least weekly, the cultures 
were examined microscopically and changes in cell condition or mor- 
phology were recorded. Photographic records were made at intervals by 
means of the photomicrographic procedures previously described (8, 9) 
as adapted to cellophane cultures of shorter generation duration. 


EXPERIMENTAL RESULTS 


Cultures arising from original explant.—For the first few days, red cells 
and small bits of debris washed off from the original explants. By the 
14th day in vitro three general types of cells were distinguishable. These 
may be seen in figure 1 which shows the cells on the 26th day. The 
predominant cell type was a characteristic large flattened cell adherent 
to the substrate, and often laterally coherent to others of its kind to form 
continuous sheets. Occasional large amoeboid or migratory-appearing 
cells suggestive of this same type, but with less tendency to lateral co- 
hesion, were present. These sheetlike cells had clear ectoplasm and the 
endoplasm contained granules of varying size. The spheroidal, well- 
defined nuclei were one or two in number and small as compared with the 
cell area. These cells appeared to be typical hepatic parenchymal cells. 

The cells in the second category were smaller in size, and elongate in 
form, with one end of the cell having an area of clear ectoplasm forming 
an undulating membrane. These cells sometimes spun out, apparently 
by great activity, into fine threadlike forms with a single small nucleus. 
The third type of cell was a rounded, granular, and vacuolated cell. It 
appeared in the fluid medium alone or free-floating in agglutinated clumps 
that seemed necrotic. Preliminary cinematographic studies showed 
that these rounded, free-floating cells occassionally reanchored and spread 
into sheetlike forms. 

Within 6 weeks after the planting of the tissue, marked granulation 
and rounding of the cells occurred. One of the four cultures comprising 
the entire strain completely disintegrated. The outgrowths on the re- 
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maining three were sufficiently dense to justify transferring to new flasks 
containing clean cellophane. One of these three was fixed and stained 
with hematoxylin (10). This stained culture added no furthercy tologic 
information about the cells beyond that already seen in photographs of 
cultures in vitro. 

Description of cultures in second generation.—Fifty days after the 
original planting, the two remaining cultures were transferred to new 
flasks with clean cellophane and were considered second generation 
cultures. By the afternoon of the day of subculturing, the cells, originally 
chilled and rounded at the time of transfer, were spread over the entire 
area of the flask. On the third day (fig. 2) small new foci of cell prolifer- 
ation were observed in these two cultures. On the fourth day one of the 
cultures showed a predominance of small round granular cells, some of 
which were free but many were agglutinated in clumps. On the 65th 
day in vitro this culture was discarded as dead. In the only remaining 
culture (fig. 3) the large flat epithelial-like cells were predominant and 
formed a closely coherent cell sheet in which the cells were lobulated. 
The appearance suggested a sheet of liver parenchymal epithelium. 
Growth was extremely slow in this culture for a period, but scattered 
flat sheets of epithelial-like cells were always present. The entire cell 
strain, subsequently isolated, arose from this single culture. 

Onset of rapid proliferation period of the cell strain.—The cells of this 
remaining second-generation culture continued to proliferate in the same 
flask for 153 days. Proliferation was very slow, and consequently the 
volume of nutrient was kept at a maximum of 0.2 ml. to 0.3 ml. 

Cells from the single second-generation culture were scraped in 0.2 to 
0.3 ml. of fluid to plant one new culture, and the parent flask had fresh 
fluid added so that two cultures comprised the third generation. Within 
24 hours the cells were well anchored on the cellophane sheets and on the 
glass floors of the flasks. As the cell numbers increased, the volume of 
nutrient fluid was gradually increased until it was approximately 1.0 ml. 

During this generation the rate of cell proliferation showed dramatic 
increase. Twice this increase was so rapid that the culture fluid became 
exhausted over the week-end transfer period and large numbers of the 
cells of the culture rounded up, floated into the medium, and were lost 
at the next fluid renewal. One culture was lost in this way. The re- 
maining culture was used to build the strain to a total of four cultures. 
One was planted by transfer of the cell-laden fluid of the old culture into 
a new culture flask into which a small amount of fresh culture fluid had 
been added. Two more were planted with cells scraped from the old 
cellophane sheet into 1.0 ml. of fresh culture fluid and evenly distributed 
into the two new flasks. Fresh culture fluid was added to the few cells 
remaining in the old culture. All of these cultures proliferated rapidly. 
On almost every subsequent fluid renewal day, because rapid growth 
made it possible, some new cultures were planted either from the cell-laden 
fluid or from a fraction of the total cells scraped from the cellophane disc. 
The number of cultures of this strain of cells thus increased rapidly. 
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Development of the large culture.—The transition from the small D-3.5 
flask to the large T-60 flask (fig. 4) was made in the fifth transfer genera- 
tion. In 10 to 11 days the cells from the first four cultures, transferred 
into one T-60 flask, covered the entire floor area. Again the crowding 
phenomenon of free-floating cells was observed. The same types of 
cells previously described were present, but the ratio of numbers of cells 
of these types fluctuated from day to day. In each generation a pre- 
dominance of rounded granular cells, clumped into large aggregates, 
indicated the urgent need to transfer the culture for survival. Sometimes 
growth was so rapid that transfer was necessary every 3 or 4 days. When 
the inoculum was deliberately minimal, the cultures could be maintained 
for 7 to 10 days. Ultimately, the extreme limit of 7 days was set as the 
routine transfer period. Even on this schedule, however, it was frequently 
necessary to discard cultures that had become necrotic from overcrowding. 

The amount of coarse cell suspension used as inoculum when daughter 
cultures were prepared was critical with this strain of cells. When three 
daughter cultures were prepared from one parent culture sometimes all 
three failed to grow. Preparing only two cultures frequently resulted in 
death from necrosis caused by overcrowding within the usual transfer 
interval. In order to continue to maintain the strain and still use the 
technically feasible transfer interval of 7 days, two cultures were prepared 
from each parent culture. At the end of the 7-day growing period any 
of these daughter cultures not in satisfactory condition were discarded. 

Cell morphology in later transfer generations.—Subsequent to the rapid 
increase in the rate of proliferation in the third generation, or after 203 
days in vitro, the three cell types described prior to this increase continued 
unchanged. The continuity of cell types may be seen in figures 5, 6, 7, 
and 8, in which areas of cultures at the 6th, 12th, 45th, and 141st transfer 
generations are shown. The relative number of rounded cells varied 
greatly because they increased in crowded cultures and with exhaustion 
of the medium. At times many of the large epithelial-type cells were 
present, although intercellular cohesion was never as accentuated as 
in figure 3. In dense cultures of the later generations, however, there 
was often an impression of cellular cohesion, but this was probably an 
illusion produced by cell crowding. This strain of cells has become 
adapted over a period of years to the cell suspension form of subculturing 
and the cells grow luxuriantly on either glass or cellophane. 

Injections of cultures—One hundred cultures of this strain of cells 
have been injected into mice. So far, the mice have been kept for at 
least 9 months, and some for over a year, before being sacrificed. None 
have produced tumors. 


Attempts to characterize cell types in culture 


Estradiol inactivating capacity —According to Zondek (11), Zondek 
and Sklow (12), and Heller (13), liver slices are known to inactivate 
estradiol. Attempts were made to identify this physiologic function 
with these liver cells when they had been in vitro for 720.days, since at 
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that time sufficiently large volumes of cells were available from many 
T-60 flasks to prepare homogenates of the cells. These homogenates 
were incubated for 15 minutes with estradiol. The rat uterine weight 
method of Lauson, Heller, Golden, and Sevringhaus (14) was used to 
test for the presence of the estradiol. There was no inactivation. 

Phagocytic behavior of the cells—To test the possibility that this cell 
strain might be phagocytic, trypan blue suspended in stock fluid culture 
medium at concentrations of 1/500, 1/1,000, 1/5,000, 1/10,000, 1/20,000, 
1/30,000, 1/40,000, 1/50,000, 1/100,000 was added to the cultures in the 
3lst, 32d, and 142d generations. Observations were made on these 
cultures at the end of 1 hour, 18 hours, 22 hours, 48 hours, and 72 hours. 
Concentrations of 1/500 and 1/1,000 of trypan blue proved to be toxic 
to the cells. Delayed toxic effects were noticed at 1/5,000 level of trypan 
blue. No cells containing trypan blue were found in over 200 fields in 
cultures at 1/40,000 concentration of the dye. In cultures at concen- 
trations between 1/40,000 and 1/500 an occasional cell was seen containing 
trypan blue, but these cells usually had very large vacuoles and appeared 
to be degenerating from injury by the dye. Electron microscopy ‘ 
suggested that the dye was adherent to the surface of the cell, rather 
than within it. Eleven hundred and ninety fields containing from 1,200 
to 2,500 cells per field were observed by visual microscopy, and the number 
of such apparently degenerating cells containing trypan blue was counted. 
These did not exceed a level of .02 percent in any single culture. 

A finely divided graphite paste containing 10 percent graphite dis- 
persed in water by means of a trace of Calgon * was incorporated in the 
culture medium at a level of 0.34 mgm. per culture. Some ingestion 
was noted within 2 hours. By the end of 72 hours of exposure a large 
percentage of cells had phagocytized the graphite, but the amount of 
graphite phagocytized by different cells varied greatly (fig. 9). Control 
cultures of the single cell strain of strain L showed no phagocytosis on 
exposure to the same quantities of graphite. 

Attempts to grow cells in plasma.—Many attempts to grow suspensions 
of these liver cells in plasma have been made. Neither aliquots of a 
suspension of cells from an entire Carrel D-3.5 flask, nor the entire sus- 
pension of cells from a D-3.5 flask or a T-60 flask, survived when clotted 
in plasma. Neither softening of the clot as a result of increasing the 
volume of culture medium containing the cell suspension, nor decreasing 
the thickness of the clot, resulted in any growth. When the cells were 
spread over a freshly formed soft clot, no growth of the culture could be 
recognized. 

More recently, Likely * has developed a strain of these cells from a 
single culture which was tolerant to a plasma substrate. 


3 These studies were made by Dr. Walter Schneider of the Cell Physiology Unit, Laboratory of Biology, and 
Mr. William Tullner of the Laboratory of Endocrinology of the National Cancer Institute. 

4 This observation was made by Dr. A. J. Dalton, Laboratory of Biology, National Cancer Institute. 

§ Acheson Colloid Corporation, Port Huron, Michigan. 

* Personal communication, Details to be published. 
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DISCUSSION 


Earle and coworkers (3, 15) have repeatedly attempted to obtain strains 
of normal and malignant cells from a single original cell type. When the 
normal subcutaneous fibroblast of the strain C3H mouse was cultured 
with this aim in view, the cells changed in vitro so that upon injection they 
gave rise to sarcomas. In the present study, a strain has been sought 
that had a characteristic morphology, physiology, and biochemistry but 
one that, it was hoped, would not become malignant upon cultivation 
in vitro. Such a strain would be most useful in comparing these charac- 
teristics of the strain of normal cells with the characteristics of cells of a 
malignant strain which might be originated from it. The normal liver 
epithelium of the mouse was selected as possibly such a type and specifi- 
cally the liver tissue of the 48-hour-old mouse has been used in this study. 

Numerous investigators have previously cultured liver tissue for various 
lengths of time with various media and with various objectives in view. 
In most instances the cultures were maintained for only a few days or a 
few weeks (16-22). In three instances the periods of culture were longer. 
Coman ’ was able to maintain cultures of what morphologically appeared 
to be liver parenchymatous epithelium for as long as 154 days. Emmart 
(21) maintained cultures for 133 days; Doljanski (18-20) maintained cul- 
tures for 120 days. In each of these instances the cultures were planted 
in a substrate containing plasma, and were fed mixtures of serum and 
embryo extract. In Doljanski’s work, the extract used had been heated 
to 70° C. for 30 minutes to assist in suppressing fibroblastic growth in the 
cultures. 

In each of these earlier studies the cells which appeared to be parenchy- 
matous liver epithelium were morphologically epithelial-like, usually lat- 
erally coherent into sheets, and were granular with rather spheroidal 
nuclei, usually single, but sometimes 2 or 3 in number. Nucleoli were 
prominent. All of these cultures were limited in size and were used 
largely for cytologic studies. The rate of cell proliferation was limited, 
and all strains either ultimately died or were closed out. 

In the present study, a strain of cells has been maintained in heterolo- 
gous medium for more than 3% years, and its cultures are still rapidly 
proliferating. Once the strain became established, or after 6 months 
in vitro, the cells continued to proliferate rapidly. The apparently sudden 
increase in proliferation was probably responsible for the continued 
successful cultivation of this strain. The number of cultures was increased 
and an adequate mass of tissue was therefore available to prepare an 
initial large-surface substrate culture having a surface-substrate area of 
60cm.” Such cultures must be subcultured every 7 days to avoid necrosis 
from overcrowding. In addition, Earle, Schilling, and Shannon (23) by 
three-dimensional-matrix-culture methods have obtained an even larger 
individual culture estimated to have a wet weight of 275 mg. of cells. 

Even after these liver cells began to proliferate rapidly, the adjustment 


1? Personal communication. 
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of the total volume of culture fluid still continued to be more delicate than 
with other strains studied. Until the need for critical fluid-volume adjust- 
ment was understood, numerous cultures were lost, either from inanition 
or excessive toxication. In still other cultures, it appeared that if the 
numbers of cells in the inoculum (24) were suspended in too large a vol- 
ume of fluid, the cultures died. Comparable change in growth activity 
has been observed in other strains of cells successfully cultured in vitro 
(3, 15). The phenomenon is not unlike that seen on cultivation of other 
organisms, such as bacteria and protozoa. Concepts already presented 
as being possibly associated with the transformation of the normal to the 
malignant cell in vitro (15) could possibly be considered here as an explana- 
tion for the change in proliferation rate in this strain of cells. To date, 
however, no frank demonstration of a malignant transformation of the 
cells of this liver strain has been obtained. 

In many studies made by earlier investigators, efforts to culture cells 
of the liver in plasma substrate-culture medium had only limited success. 
Furthermore, in the present study numerous efforts to transfer the cello- 
phane (or glass) substrate strain to a plasma substrate failed. Only 
recently has a plasma-tolerant strain been developed from a single plasma- 
tolerant culture. In view of this difficulty, it seems probable that the 
use of a perforated cellophane substrate has aided materially in the 
successful establishment of these liver cultures. The two flat closely 
appositive surfaces, the glass floor of the flask and the lower surface of 
the cellophane, seemed to be excellent surface substrates for the cells. 
The space partially enclosed by these two surfaces was such that nutri- 
tional and gas exchange of cells within this space were satisfied in the cul- 
tures used. During the early life of the cultures this spatial relationship 
apparently reduced the loss of critical numbers of cells at each fluid 
change. It also served to restrict the volume of nutrient medium coming 
in contact with the cells, so that the relationship of volume of fluid to cell 
numbers was probably better adjusted. 

Since all of five untreated strains of mouse fibroblasts, after 10 weeks 
to 2% years cultivation produced fibrosarcomas on injection (15), cultures 
of the liver-cell strain described in the present study were therefore 
injected to find out whether or not they, too, had become malignant. 
More than 100 injections of from 30 to 50 mg. (wet weight) of cells pro- 
duced no tumors. This strain of cells is, therefore, after even a more pro- 
longed period of cultivation, unlike the strains of fibroblasts isolated from 
subcutaneous connective tissue and muscle in that it has not to date 
produced tumors upon injection. 

This culture strain was originated from a single culture originally 
planted from tissue of the liver of a 2-day-old mouse, but at the present 
time no final statement can be made as to the functional identity of the 
cells of the strain. Although the relative numbers of cells in each cate- 
gory described have varied greatly from time to time, except for some 
breaking up of cell sheets, the morphologies of the three categories have 
not altered materially since growth became stabilized 3 years ago. Pre- 
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liminary cinematographic data and visual observation indicate that the 
round, granular, and frequently vacuolated cells, appearing alone or in 
agglutinated clumps, are either free-floating or degenerating forms that 
are identical with the flattened cells adhering to the substrate. This 
concept is confirmed by the fact that in chilled or overcrowded cultures 
there is a reduction in the number of flattened and motile cells adherent 
to the substrate, with a corresponding increase in the number of rounded 
forms. 

Current observations on the morphology of these cells do not indicate 
whether or not the more sheetlike and motile cell forms seen in cultures of 
this strain are one or more than one actual type. They may merely be 
variations or modulations of the same type brought about by cultivation 
in a completely heterologous medium (25). At present, however, the 
large, laterally coherent sheetlike cells in the cultures appear fewer in 
number than were seen in earlier cultures. If the three categories of cell 
types are actually quite different cell types, this culture strain is of interest 
in having maintained such different cell types together, and in relative 
equilibrium with each other, in an entirely foreign culture medium for 
more than 3 years. Successful single cell isolation studies should de- 
termine whether the cells in this strain are a single type or more than one 
type. 

The data now available do not indicate whether or not one or both of 
these categories are actually the parenchymatous epithelial cell of the liver. 
In freshly explanted cultures of epithelial tissues in vitro, the cells usually 
migrate in the form of closely coherent sheets, but when the cells of such 
sheets begin to proliferate rapidly, the sheets may ultimately break up into 
individual cells. This phenomenon has already been observed by Earle 
(26) in the disintegration of characteristic epithelial sheets of the cells of 
the Walker 256 carcinoma. Loewenthal and Jahn (27) have demon- 
strated the even more dramatic transformations of Ehrlich carcinoma into 
the free-floating rounded cells of ascites tumors. At present, however, 
no adequate data are available on the morphologic behavior of rapidly 
proliferating nonmalignant epithelial cell cultures maintained in vitro for 
prolonged periods. On prolonged cultivation in vitro probably some types 
of such closely coherent sheets of cell cultures can break up into separated 
cells that may possibly be able to readhere to a surface substrate and to 
be rapidly migratory. Extensive microcinematographic studies might 
determine whether or not this is so. 

The data of Shannon, Westfall, Evans, and Earle (28) indicating higher 
content of glycogen in cells of this strain than occurred in the cells of the 
L strain of fibroblasts, also indicate that these cells may be liver epi- 
thelium. This concept is predicated on the assumption that the paren- 
chymal cells of liver are in vivo the major storage site of glycogen, even 
though its presence has been demonstrated in other cells. 

The studies to determine whether or not these cells phagocytize trypan 
blue and finely divided carbon were undertaken in the hope of more 
precisely characterizing the behavior of the cells of this strain and of 

20409¢—52—16 
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ascertaining if more than one cell type was present. Trypan blue was not 
phagocytized; finely divided graphite was phagocytized to a greater or 
lesser degree by the cells. The interpretation of these experimental 
results would possibly be clarified by further microcinematographic 
studies on the manner of phagocytosis and rate of migration. 

The fact that cells of this culture strain did not inactivate estradiol 
when incubated with it may mean that the cells are other than the liver 
parenchymal epithelium. More probably it may indicate that the cells 
have altered after prolonged cultivation in vitro. The data of Singher et 
al. (29) have indicated that tissue slices from vitamin-deficient animals do 
not inactivate estradiol. Schricker and Evans (30) have found excep- 
tionally low levels of biotin, niacin, folic acid, and riboflavin in both the 
cells and the medium of this strain of liver cells cultivated for a prolonged 
period. Such a deficiency is a possible explanation of failure of these cells 
to inactivate estradiol, provided that results from tissue slice studies are 
extrapolated to results obtained with cells cultured for extended periods 
in vitro. 

No simple and accurate index of identification of the cells of this strain 
of liver cultures has been established. This difficulty in cell identification 
is not unique. Present criteria for the positive identification of cell types 
cultivated for prolonged periods in vitro are all too few, artificial, and 
inadequate. The need for methods for identifying cell types in cultures 
maintained in a rapid rate of cell proliferation for prolonged periods must 
be recognized as a major problem in experimental cell physiology. Ad- 
vances in this field would be furthered by the establishment of sensitive 
methods based on increased knowledge of the physiology and chemistry 
of the cells. 

SUMMARY AND CONCLUSIONS 


On April 15, 1948, a strain of cells from the liver of a 2-day-old male 
C3H Andervont substrain mouse was cultured in modified Carrel D-3.5 
flasks. 

This strain, after a period of adaptation and relatively slow initial 
growth, has been growing luxuriantly. The successful growth of this 
strain seems to result, in part at least, from culturing initially under 
cellophane and from a constant maintenance of a carefully balanced 
relationship of cells to nutrient medium volume. 

Exhaustive attempts to culture this established strain of cells in plasma 
clots have resulted, finally, in the development of one culture which pro- 
duced a plasma-tolerant strain. 

Large cultures of 60 cm.? of this strain of liver cells are routinely being 
maintained. Injections of such cultures into C3H mice have not pro- 
duced any tumors. 

The types of cells in this strain have been described. The identity of 
the cells of this strain is not yet established. Problems associated with 
the cultivation and identification of the cells are discussed. 




















(1) 
(2) 


(3) 


(4) 
(5) 
(6) 
(7) 


(8) 
(9) 


(10) 


(11) 
(12) 
(13) 


(14) 


(16) 


(16) 
(17) 
(18) 
(19) 
(20) 


(21) 


(22) 


MASSIVE CULTURES OF LIVER CELLS 1255 


REFERENCES 


Evans, V. J., and Ears, W. R.: The use of perforated cellophane for the growth 
of cells in tissue culture. J. Nat. Cancer Inst. 8: 103-119, 1947. 

Eartz, W. R., Evans, V. J., Epwarp, M. F., and Ducuessng, E.: Influence of 
perforation design on growth of tissue cells under perforated cellophane sheets 
in vitro. J. Nat. Cancer Inst. 10: 291-295, 1949. 

Earue, W. R.: Production of malignancy in vitro. IV. The mouse fibroblast 
cultures and changes seen in the living cells. J. Nat. Cancer Inst. 4: 165-212, 
1943. 

Flask design. Unpublished data. 

Evans, V. J., Earte, W. R., Sanrorp, K. K., SHannon, J. E., and Wautz, H. 
K.: The preparation and handling of replicate tissue cultures for quantitative 
studies. J. Nat. Cancer Inst. 11: 907-927, 1951. 

Sanrorp, K. K., Earue, W. R., and Lixety, G. D.: The growth in vitro of single 
isolated tissue cells. J. Nat. Cancer Inst. 9: 229-246, 1948. 

Ear.e, W. R., SHEtTON, E., and Scuruurne, E. L.: Production of malignancy in 
vitro. XI. Further results from reinjection of in vitro cell strains into strain 
C;H mice. J. Nat. Cancer Inst. 10: 1105-1113, 1950. 

Eartze, W. R.: Production of malignancy in vitro. II. Photomicrographic 
equipment. J. Nat. Cancer Inst. 4: 135-145, 1943. 

Ear.e, W. R., Scuriune, E. L., and SHetton, E.: Production of malignancy 
in vitro. IX. Description of cells at the fluid interface of the culture. J. Nat. 
Cancer Inst. 10: 865-881, 1950. 

Ear ez, W. R.: Procedure for the fixation, staining, and mounting of whole mounts 
from tissue cultures grown in Carrel D 3.5 flasks. J. Nat. Cancer Inst. 8: 
83-89, 1947. 

ZonvDEK, B.: Hormone des Ovariums und des Hypophysenvorderlappens. 2d. ed. 
Springer, Vienna, p. 124. 1935. 

ZonvEK, B., and Sktow, J.: Inactivation of estrone by liver after exclusion of 
reticuloendothelial system. Proc. Soc. Exper. Biol. & Med. 46: 276-278, 1941. 

HeEtteEr, C. G.: Metabolism of the estrogens. The effect of liver and uterus upon 
estrone, estradiol and estriol. Endocrinology 26: 619-630, 1940. 

Lauson, H. D., Heuer, C. G., Gotprn, J. B., and Sevrinenaus, E. L.: The 
immature rat uterus in the assay of estrogenic substances, and a comparison of 
estradiol, estrone and estriol. Endocrinology 24: 35-44, 1939. 

Sanrorp, K. K., Eariz, W. R., SHexiton, E., Scuituinc, E. L., Ducuesng, 
E. M., Lixgty, G. D., and Brecker, M. M.: Production of malignancy in vitro. 
XII. Further transformations of mouse fibroblasts to sarcomatous cells. J. 
Nat. Cancer Inst. 11: 351-375, 1950. 

Lyncu R. S.: The cultivation in vitro of liver cells from the chicken embryo. 
Am. J. Anat. 29: 281-311, 1921. 

Levi, G.: Osservasioni sulla struttura della cellular epatica vivente coltivata 
in vitro. Gior. Accad. Med. Torino 28: 344-349 (Series IV), 1922. 

Do.sansk1, L. Cultures pures de tissu hépatique, in vitro. Compt. rend. Soc. 
de biol. 101: 754-755, 1929. 

: Sur la morphologie des cultures pures de cellules hépatiques in 
vitro. Compt. rend. Soc. de biol. 102: 629-631, 1929. 

: Sur les cultures pures du foie. Archiv. f. exp. Zellforsch. 11: 261-271, 
1931. 

Emmanrt, E. W.: The action of 2-amino-5-azotoluene in the production of liver 
tumors of rats and the behavior of these tumors in vitro. J. Nat. Cancer Inst. 
1: 255-272, 1940. 

Gurnos, A. D., and Bartuett, E. C.: The effect of regeneration on the growth 
potentialities in vitro of rat liver at different ages. Cancer Research 11: 164- 
168, 1951. 








1256 


(23) 


(24) 


(25) 
(26) 


(27) 


(28) 


(29) 


(30) 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Ear.e, W. R., Scottie, E. L., and SHannon, J. E., Jz.: Growth of animal 
tissue cells on three-dimensional substrates. J. Nat. Cancer Inst. 12: 179-193. 
1951. 

Ear.e, W. R., Sanrorp, K. K., Evans, V. J., Wautz, H. K., and SHANNON, 
J. E., Jn.: The influence of inoculum size on proliferation in tissue cultures. 
J. Nat. Cancer Inst. 12: 133-153, 1951. 

Monon, J.: The phenomenon of enzymatic adaptation and its bearings on prob- 
lems of genetics and cellular differentiation. Growth 11: 223-289, 1947. 

Ear_e, W. R.: A study of the Walker rat mammary carcinoma 256, in vivo and 
in vitro. Am. J. Cancer 24: 566-612, 1935. 

LoewEnTHAL, H., and Jann, G.: Ubertragungsversuche mit carcinomatéser 
Mause-Ascitesfliissigkeit und ihr Verhalten gegen physikalische und chemische 
Einwirkungen. Ztschr. f. Krebsforsch. 37: 439-447, 1932. 

SHannon, J. E., Jn., WESTFALL, B. B., Evans, V. J., and Earwz, W. R.: The glycogen 
content of cell suspensions prepared from massive tissue cultures: Comparison 
of cells derived from mouse connective tissue and mouse liver. Unpublished 
data. 

Srnauer, H. O., Kenster, C. J., Tayitor, H. C., Jn., Rooaps, C. P., and Unna, 
K.: The effect of vitamin deficiency on estradiol inactivation by liver. J. Biol. 
Chem. 154: 79-86, 1944. 

Scuricker, J. A., and Evans, V. J.: The B vitamin content of mouse liver cells 
and fibroblasts in tissue culture. Unpublished data. 


PuiatTe 137 


Figure 1.—Twenty-six-day-old culture of 48-hour-old mouse liver showing cell types. 
The large flattened cells are more clearly shown in the upper part of the picture. 
The amoeboid cell in the lower left corner with the clear ectoplasm and the ruffled 
cell margins is apparently a motile form of the first type. The elongate cell in the 
upper left quarter of the picture is typical of the second type. Round granular 
vacuolated cells are scattered over the culture. X 200 


Figure 2.—Three-day-old culture in second generation. Note same cell types seen 
in first generation. X< 200 
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PLATE 138 


Figure 3.—This is the same culture as that shown in figure 2. 


At this time it had 
been growing 139 days in the second generation. The flat epithelial-like cells 
are predominant. The pattern of cells suggests a sheet 
epithelium. 200 


of liver parenchymal 
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FIGURE 4.—A 335-day-old T-60 flask liver culture in the 9th generation and stained 
with LEarle’s iron hematoxylin. 
growth in this type of flask. 





The darker areas demonstrate the density of 
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Figure 5.—Ten-day-old culture of strain of cells in 6th generation or 293 days in 
vitro. X 200 
Figure 6.—Four-day-old culture of strain of cells in 12th generation or 355 days in 
vitro. < 200 
FicurE 7.—Five-day-old culture of strain of cells in 45th generation or 574 days in 
vitro. XX 200 


FiGcureE 8. 


Five-day-old culture of strain of cells in 141st generation or 1,251 days 
in vitro. The types of cells have not changed in 3 years. 200 
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FiGguRE 9.—1,274-day-old culture of liver cells 3 days in 144th generation and exposed 
to finely divided graphite. The amount of graphite taken up by different cells 
varied greatly. 200 
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CYTOCHEMISTRY AND MORPHOLOGY 
OF HUMAN LYMPH NODE CELLS GROWN 
IN VITRO*? 


G. Apotpa AcKEeRMAN, M.S., Raupx A. Knovrr, Pu. D.,? 
and Herman A. Hoster, M. D.,* Departments of Anatomy 
and Medicine, The Ohio State University, Columbus, Ohio 


The cytochemistry of human lymph node cells grown in vitro has been 
investigated by Reiman, et al. (1), who described the presence of cyto- 
plasmic lipid droplets stainable with sudan IV in many human lymph 
node cultures. The lipid droplets were present in greater numbers in 
cells grown from lymph nodes with involvement by Hodgkin’s disease than 
in cultured cells of other neoplastic and non-neoplastic lymph nodes. 
According to these authors, the number of lipid droplets in reticulum and 
macrophage-type cells from neoplastic and non-neoplastic human lymph 
nodes could be increased by substituting Hodgkin’s serum for normal 
human serum in the growth media. The present investigation represents 
a cytochemical and morphologic examination of neoplastic and non- 
neoplastic human lymph node cells grown in vitro, as well as a comparative 
cytochemical evaluation of human lymph node cells grown in vitro with 
similar cells examined in tissue section, and is a continuation of the 
previous study on the cytochemistry of human lymph node cells in 
tissue section (2). 

MATERIALS AND METHODS 


Human lymph nodes were obtained under sterile conditions at biopsy. 
A representative part of each specimen was fixed for histologic and 
cytochemical studies (2). The remainder of the node was cultured within 
4 hours after removal according to the technique previously described 
(3). Porter tubes were used in place of roller tubes. Two small pieces 
of tissue (0.5 X 1.0 mm.) were placed at either end of a cover slip (4.0 X 
9.0 mm.); four cover slips were placed in each Porter tube. The tissue 
cultures were removed and fixed at the maximum height of growth usually 
between 3 and 5 days following culture. Seventy-four human lymph 
nodes cultured in vitro have been examined cytochemically. Table 1 
illustrates the histopathologic diagnosis of these lymph nodes. 


1 Received for publication February 14, 1952. 

2 This investigation was supported by research grants from the National Cancer Institute (National Institutes 
of Health, U. 8. Public Health Service) and the Ohio Department of Health. 

3 The authors wish to acknowledge the technica] assistance of Constance H. Eng and Beverly W. Mynchenberg. 

* Deceased May 14, 1951. 
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TaBLe 1.—Neoplastic and non-neoplastic human lymph nodes cultured in vitro and 
examined cytochemically 
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Diagnosis | Number | 

| of nodes 

Non-neoplastic: | 

I a rach ks Sirs eddie ae 13 | 

Reticulum-cell sm a Shae ARRAS ae Swiiieaetedemmeee 10 | 

oe ee See ow anaes 1 | 

oe i inna eniwea ace ca eau daw umiiime 

io | 

ee ee cneeeduaceseueuda 7 | 
Reticulum-cell sarcoma. - --------.------------ eaeoateats 5 
EEE OAL LAT ee 6 

Lymphatic leukemia- -----------_------- stadaatots Oe. 6 | 

Acute monocytic leukemia___-______-____-__--_-_-_-- ae 1 | 

| Giant follicular lymphoblastoma- - -- - - 2 | 

| Miscellaneous: 

EE SE ee a ae ee 2 | 

ES Ee ee ao ae te een 2 

Carcinoma. - - - - - -- ERECT Ge ene ee cite ticinat ese 40m ecnas, *g 





*One contained carcinoma cells in the outgrowth. 


After removal from the Porter tubes, the cultures were processed in 
the following manner: cultures were subjected without fixation to the 
acid phosphatase (2) and plasmal (4) reactions; vital and supravital 
(neutral red) preparations were examined for morphology with the phase 
microscope. Other cultures were then fixed in Baker’s formol-calcium, 
in absolute ethyl alcohol and/or in Carnoy’s fluid for 12 to 18 hours. 
The formol-calcium fixed preparations were washed in water and stained 
with sudan black B for total lipid (5) and nile blue sulfate for neutral 
fat (6). The other fixed cultures were washed briefly in absolute alcohol 
and allowed to dry. These preparations were examined for a) muco- 
polysaccharides (7),. sphingolipids (?) (8), unsaturated lipids (?) (9), 
and saliva-labile glycogen (7) by the periodic acid-Schiff (PAS) reaction; 
4) desoxypentosenucleoprotein by the nucleal reaction (6); and c) pentose- 
nucleoprotein by ribonuclease digestion and toluidine blue staining. 
Acetone fixation (for 5 minutes) was used prior to exposing the tissue 
culture preparations to the alkaline phosphatase (/0) and lipase (10) 
reactions. 

OBSERVATIONS 


In order to facilitate the comparison of the cytochemistry and mor- 
phology of cells grown in vitro with those observed in tissue section, the 
nomenclature used in our previous report (2) will be followed. The cell 
types to be described are a) fibroblasts; 5) elongated reticulum cells; 
c) reticular clasmatocytes; d) clasmatocytes; ¢) round reticulum cells; 
f) lymphocytes; and g) modified reticulum cells of Hodgkin’s disease, 
reticulum-cell sarcoma, and Boeck’s sarcoid. 

The amount and type of cellular growth obtained from cultivated 
human lymph nodes appears to be a reflection of the cellular composition 
of the individual node. The apparent growth is probably the result of 
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the migration of cells from the tissue clot, since mitotic figures are rare. 
The amount of fibroblastic growth varies directly with the amount of 
connective tissue comprising the capsule and invading the lymph node. 
Elongated reticulum cells are more numerous in cultures from nodes 
exhibiting a reticulum-cell hyperplasia (Hodgkin’s disease, reticulum- 
cell sarcoma, Boeck’s sarcoid, reticulum-cell and follicular hyperplasia) 
than in nodes having a less extensive reticulum-cell hyperplasia (giant 
follicular lymphoblastoma, lymphosarcoma, lymphatic leukemia and 
lymphadenitis). The number of reticular clasmatocytes and clasmato- 
cytes are generally most numerous in cultures from nodes exhibiting 
reticulum-cell hyperplasia. 

The pentosenucleoprotein of the cytoplasm of the fibroblast stains 
faintly metachromatic with toluidine blue. Small sudanophilic, PAS- 
positive and plasmal-positive granules are distributed in small numbers 
throughout the cytoplasm although they are more numerous about the 
cytocentrum. A few neutral fat droplets are scattered throughout the 
cytoplasm. Cytoplasmic granules, 1 to 2 microns in diameter, are 
occasionally found in the cytoplasm of the fibroblast. These granules 
are sudanophilic, PAS-positive and frequently exhibit a high acid phospha- 
tase activity (+++++). Both acid and alkaline phosphatase are 
demonstrable in the cytoplasm (+ to ++), nucleus (+++ to ++++4) 
and nucleolus (++-++). In some instances, the region of the cyto- 
centrum exhibits a higher acid phosphatase activity than the remainder 
of the cytoplasm. 

The cytochemistry of the fibroblasts grown in vitro and those seen in 
tissue section differs in the following respects: 1) lipid droplets are found 
in fibroblasts grown in vitro, but are rarely observed in those studied in 
tissue section; 2) a greater amount of sudanophilic, plasmal-positive and 
PAS-positive material, and a greater phosphatase activity are present in 
the fibroblasts of tissue culture than in those studied in tissue section. 

In comparison with the fibroblasts the elongated reticulum cells are 
usually smaller, less fusiform, and contain a more vesicular nucleus and 
more rounded nucleoli. Neutral fat droplets vary in number and distri- 
bution from a few scattered throughout the cytoplasm to many loce’*7ad 
at the distal ends of the cell. Sudanophilic, plasmal-positive and . -- 
positive granules are distributed diffusely in the cytoplasm and are con- 
centrated near the cytocentrum. These granules are more numerous in 
the reticulum cell than in the fibroblast. Acid and alkaline phosphatase 
activity as well as the pentosenucleoprotein content in the elongated 
reticulum cell is similar to that in the fibroblast, although a greater 
phosphatase activity is noted in reticulum cells that appear to be differ- 
entiating into reticular clasmatocytes. The elongated reticulum cells 
grown in vitro and those noted in tissue section differ cytochemically. 
These differences are the same as those described for the fibroblast. 

Neutral fat droplets fill the cytoplasm of the reticular clasmatocytes 
except in the region of the cytocentrum. Toluidine blue stains the cyto- 
plasmic pentosenucleoprotein between the fat droplets a lavender color 
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and that of the cytocentrum, blue. A large number of fine sudanophilic, 
plasmal-positive and PAS-positive granules are localized in the region 
of the cytocentrum, as well as being interspersed between the neutral fat 
droplets. The alkaline phosphatase activity of the reticular clasmato- 
cytes is demonstrable in the cytoplasm (+ to ++), nucleus (+++ to 
++++) and nucleolus (++-++); the region of the cytocentrum 
usually has a higher phosphatase activity (++ to +++) than the 
remainder of the cytoplasm. Acid phosphatase has a distribution similar 
to that of the alkaline phosphatase although the cytocentrum exhibits a 
greater acid than alkaline phosphatase activity. 

As the triangular-shaped reticular clasmatocytes change into small 
rounded cells with uneven cytoplasmic contours and irregularly shaped 
nuclei (clasmatocytes), the cytocentrum becomes small and is usually 
obscured by the large number of lipid droplets present in the cytoplasm. 
The amount of sudanophilic, plasmal-positive and PAS-positive granula- 
tion, and acid and alkaline phosphatase activity, is usually greater in 
the clasmatocytes than in the reticular clasmatocytes while the cyto- 
plasmic pentosenucleoprotein content is less. 

Reticular clasmatocytes and clasmatocytes grown in vitro differ from 
those examined in tissue section in the following respects: 1) those grown 
in vitro contain more neutral fat droplets, sudanophilic and plasmal- 
positive granules, and in most instances the cultivated cells exhibit a 
higher phosphatase activity than similar cells studied in tissue section; 
2) clasmatocytes and reticular clasmatocytes observed in tissue section 
frequently exhibit glycogen granulation; however, glycogen has not been 
satisfactorily demonstrated in similar cells grown in vitro although a 
great amount of PAS-positive material was present in these cells. 

The so-called foreign body giant cell is a phagocytic clasmatocyte which 
has engulfed nuclear fragments and even entire cells, primarily lympho- 
cytes. This cell form is most prevalent in cultures of lymph nodes having 
Hodgkin’s disease involvement, and in some instances in cultures from 
lymph nodes with reticulum-cell sarcoma involvement, but may be found 
in both neoplastic and non-neoplastic lymph-node cultures. The foreign’ 
body giant cell exhibits cytochemical reactions similar to those of the 
smaller clasmatocytes with the exception of the nucleal-positive cytoplas- 
mic material (desoxypentosenucleoprotein of the phagocytized nuclear 
material). Only rarely have fibroblasts and elongated reticulum cells 
been found to contain phagocytized nuclear debris. 

Although round reticulum cells are not prevalent in tissue cultures, 
they exhibit morphologic characteristics closely resembling those noted in 
tissue section. Sudanophilic, plasmal-positive and PAS-positive granula- 
tion is more prominent in the round reticulum cell grown in vitro than in 
those studied in tissue section. These granules are found most frequently 
in the region of the cytocentrum. Neutral fat droplets are absent. The 
phosphatase activities and pentosenucleoprotein contents of the culti- 
vated round reticulum cells and of similar cell forms studied in tissue 
section do not differ appreciably. 
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Lymphocytes examined in tissue culture show a variety of morphologic 
and cytochemical changes which reflect impaired cellular metabolism and 
degeneration. Although it was possible to distinguish cytochemically as 
well as morphologically between normal and abnormal lymphocytes in 
tissue section, we have been unable to make this distinction following 
in vitro cultivation. 

During in vitro cultivation the cytoplasmic granules of the lymphocyte 
become enlarged and occasionally increased in number as compared 
with those studied in moist vital preparations made from fresh lymph 
nodes. These granules are more sudanophilic, plasmal-positive and 
PAS-positive than lymphocytes examined in imprints of human lymph 
nodes; acid phosphatase is occasionally increased. The PAS-positive 
granules appear dark red, but are not altered in their staining reaction 
by digestion with saliva prior to staining. 

Frequently, the cell outgrowths from nodes with Hodgkin’s disease, 
reticulum-cell sarcoma, and Boeck’s sarcoid involvement reveal larger 
reticulum-cell forms than are generally seen in other neoplastic and non- 
neoplastic tissue cultures. The reticulum-cell population exhibits both 
morphologic and cytochemical characteristics described for the elongated 
reticulum cell, reticular clasmatocyte and clasmatocyte. Cells resembling 
reticular clasmatocytes generally occur in greatest number; binucleate 
cells are frequently noted in these outgrowths. The principal cytochem- 
ical deviation in the Hodgkin’s cell-forms is the greater number of cyto- 
plasmic lipid droplets as compared with other neoplasticand non-neoplastic 
lymph node cells grown in vitro. 

Multinucleated cells, most frequently observed in cultures of lymph 
nodes of Hodgkin’s disease, have an enlarged cytocentrum where many 
fine sudanophilic, plasmal-positive and PAS-positive granules are local- 
ized; toluidine blue stains the cytocentrum blue. The peripheral portion 
of the cytoplasm contains neutral fat droplets,.and a scattering of sudano- 
philic, plasmal-positive and PAS-positive granules; the cytoplasm is col- 
ored a delicate lavender with toluidine blue. The phosphatase activity 
of these cells is great, and much of the cell structure may be obscured 
following the demonstration of these enzymes; the greatest phosphatase 
activity is localized in the region of the cytocentrum. 

Cultivated cells from nodes with Hodgkin’s disease and reticulum-cell 
sarcoma involvement present cytochemical and morphologic differences 
as compared with cells of the same nodes studied in tissue section. Mor- 
phologically, the majority of cultivated cells appear to have arisen from 
elongated reticulum cells or cells in the early stages of transition toward 
Hodgkin’s cells. Cells resembling typical Hodgkin’s cells as seen in tissue 
section are rare. Cytochemically, the cultivated cells contain great num- 
bers of neutral fat droplets in contrast to the few fat droplets seen in 
Hodgkin’s cells in tissue section. Sudanophilic, plasmal-positive and 
PAS-positive granulation and acid and alkaline phosphatase activity is 
usually greater in the cultivated cells than in those observed in tissue 
section. Although the cells grown in vitro from nodes with Hodgkin’s 
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disease or reticulum-cell sarcoma differ from cultivated cells obtained 
from other neoplastic and non-neoplastic lymph nodes, it has not been 
possible to diagnose these two diseases with any degree of accuracy 
with tissue culture techniques. 

As the cultivated cells undergo degeneration, concomitant cytochemical 
changes evidently occur. In the fibroblasts and elongated reticulum cells 
these alterations include a further elaboration of neutral fat droplets 
followed by a reduction and gradual loss of phosphatase activity. A 
decrease in acid phosphatase activity is the most noticeable. Occasion- 
ally, bright red PAS-positive granules are present in the cytoplasm of 
the degenerating cells. More advanced cellular degeneration has not 
been studied in this investigation except for that occurring in the lym- 
phocyte. As the lymphocyte undergoes degeneration, the nucleus be- 
comes vesicular and loses its internal structure. There is a complete 
disappearance of cytoplasmic pentosenucleoprotein followed by a loss of 
phosphatase activity. Cytoplasmic granules cannot be demonstrated by 
the sudan black, plasmal and PAS techniques. Desoxypentosenucleo- 


protein of the nucleus appears to decrease as the nucleus undergoes 
karyorrhexis. 


DISCUSSION 


The type of cellular growth resulting from in vitro cultivation of human 
lymph nodes by the technique employed appears to depend upon thecellular 
constitution and the degree of stimulation of the various cellular ele- 
ments of the lymph node. This generalization is based upon the following 
observations. First, the number of mitotic figures noted in the tissue 
cultures has been very small. Second, fibroblastic growth appears to be 
correlated with the degree of fibrosis and amount of connective tissue 
comprising the capsule of the lymph node. Third, nodes exhibiting a 
reticulum-cell hyperplasia or alteration usually produce an outgrowth of 
reticulum cells, reticular clasmatocytes and clasmatocytes. It appears 
rather conculsive, therefore, that the growth which occurs in the cultured 
lymph nodes is a result of migration and cellular differentiation (7. e., 
transformation of clasmatocytes from reticulum cells) and is not dependent 
upon mitotic activity. 

Three types of tissue culture outgrowths were obtained from lymph 
nodes involved with Hodgkin’s disease. This observation is in agreement 
with the work of Hoster, et al., (3). However, the types of growth previ- 
ously described for cultures from Hodgkin’s disease are not diagnostic in 
themselves, since cultures of lymph nodes not involved with Hodgkin’s 
disease may produce similar growth patterns. The reticular type cells 
cultured in vitro from lymph nodes with Hodgkin’s disease, reticulum-cell 
sarcoma and Boeck’s sarcoid involvement are larger than non-neoplastic 
elongated reticulum cells, reticular clasmatocytes and clasmatocytes, 
although they exhibit similar morphologic and cytochemical characteristics. 

An impaired fat metabolism in human lymph node cells grown in vitro 
is strongly suggested by our investigation. This conclusion is based upon 
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the elaboration of fat droplets, an increase in the number of lipid (phos- 
pholipid) and plasmalogen granules and an increase in the phosphatase 
activity in cultivated cells as compared with similar noncultured lymph 
node cells. Previous to this investigation, the concept of a faulty fat 
metabolism in other types of cells cultivated in vitro was based primarily 
upon the elaboration of refractile fatty droplets within the cytoplasm of 
the cultured cells. 

The occurrence of neutral fat droplets in the cytoplasm of human lymph 
node cells grown in vitro appears to depend upon the particular cell type 
studied. Neutral fat droplets are present in widely variable numbers in 
the cytoplasm of nearly all cultivated lymph node cells with the exception 
of the round reticulum cell and the lymphocyte. Although lipid droplets 
are generally present in higher numbers in the cells cultivated from nodes 
involved with Hodgkin’s disease, reticulum-cell sarcoma, and lymphade- 
nitis than in cells cultivated from other neoplastic and non-neoplastic 
lymph nodes, the significance of this observation remains obscure. 

Plasmalogen, present in high concentration in many cultivated lymph 
node cells, appears to have an important function in fat metabolism and 
may occupy an intermediate position in the synthesis of neutral fat and 
phospholipid. Plasmalogen has not been detected in the fat droplets of 
cultivated lymph node cells, although it frequently localizes about the rim 
of the larger fat droplets. Méchel (11) noted a plasmal-positive rim about 
developing fat cells and fat cells observed during starvation. The absence 
of plasmalogen in the fat droplets proper is in agreement with the work 
of other investigators of mammalian tissue (11-15). However, Shifrin 
(16) has reported the occurrence of plasmalogen in the lipid droplets of 
cells cultured from mouse liver. 

It might be anticipated that the phosphatases would occur in highest 
concentration in the cell forms which exhibit changes suggestive of faulty 
fat metabolism. The highest concentration of cytoplasmic phosphatase 
occurs in the region of the cytocentrum where the greatest number of 
sudanophilic and plasmal-positive granules are localized. Because the 
cytocentrum has been considered as the site of cellular metabolism and 
synthesis, the phosphatases may possibly serve in the phosphorylation or 
dephosphorylation of cellular lipid. The réle of the phosphatases in nu- 
cleoprotein synthesis and degradation is considered to be negligible in the 
cells grown in vitro. This concept is suggested by the fact that the amount 
of pentosenucleoprotein in the cytoplasm of cultivated cells is less or does 
not differ appreciably from comparable cells studied in tissue section, even 
though an increase occurs in neutral fat, phospholipid and phosphatase 
activity in the cultivated cells. It is of interest to note that lipase activity 
could not be demonstrated in lymph node cells studied in tissue culture 
and tissue section with the technique employed. 

The amount of PAS-positive granulation present in lymph node cells 
grown in vitro is usually greater than in comparable cells examined in 
tissue section. The significance of this observation is not clear, but cells 
containing a large number of PAS-positive granules generally exhibit 
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many lipid granules and droplets. It is not known whether this increase in 
PAS-positive material is an indirect result of an impaired metabolism of 
the mucopolysaccharide or whether it is a secondary result of impaired fat 
metabolism. Although these PAS-positive granules may represent a lipid 
material (8, 9) rather than a mucopolysaccharide, treatment with hot 
pyridine prior to staining does not reduce the PAS reactivity of these 
granules. Bright red saliva-resistant PAS-positive granules frequently 
found within the tissue culture cells exhibit a color reaction and have a 
distribution similar to that expected of glycogen. Therefore, these bright 
red saliva-resistant PAS-positive granules may represent protein-bound 
glycogen. 

It is probable that the majority of cytoplasmic granules have a complex 
chemical composition rather than being chemical entities. In several 
instances, the complex nature of cytoplasmic granules is clearly evident. 
First, lymphocyte granules are sudanophilic, plasmal-positive, PAS- 
positive and frequently exhibit a high acid phosphatase activity. Second, 
fibroblasts occasionally contain granules about the size of the neutral fat 
droplets which are sudanophilic, PAS-positive and exhibit strong acid 
phosphatase activity. 

Cytochemical modifications evidently take place within cellular ele- 
ments undergoing degeneration. Lipid and PAS-positive granules and 
desoxypentosenucleoprotein are apparently among the last substances 
to be modified during cellular degeneration. The most obvious changes 
are the accumulation of lipid droplets and a decrease in phosphatase ac- 
tivity, especially acid phosphatase. 

Since lipid metabolism appears to be markedly altered in cells grown 
in vitro, a brief discussion of the findings of other investigators on the 
mechanism of lipid metabolism seems advisable in the evaluation of our 
results. 

According to Neuman (17), higher fatty aldehydes may be involved in 
the conversion of carbohydrates to fat by the liver; choline is necessary 
for the normal phosphorylation of higher fatty aldehydes in the kidney 
and liver; and aldehyde may be a precursor of phospholipid in the liver. 
Hayes (12) was unable to demonstrate cytochemically any change in the 
plasmalogen content of the adrenal cortex or liver of rats subjected to 
choline-deficient diets. The absence of dietary choline or pyridoxine 
prevents the dispersing of synthesized fat (fatty liver) by impairing the 
formation of phospholipid. Pyridoxine and fatty acids act together in 
influencing the lipotrophic action of choline (18). Thiamin and pyri- 
doxine are important in fat metabolism and may function in the con- 
version of carbohydrate to fat (19); pyridoxine is essential for the syn- 
thesis of fat from protein (20). 

In order to restore the fatty liver of a rat to normal liver, the diet must 
contain adequate amounts of choline, thiamin, riboflavin, pantothenic acid, 
pyridoxine, inositol, and corn oil (18). Chévremont (21) observed that 
the addition of choline to tissue cultures will cause a histiocytic transfor- 
mation in the cultivated cells. The effect of the B-complex vitamins on 
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tissue culture growth is reported as being negligible, although it does seem 
to increase the longevity of the cultures (22). Morgan et al. (23), using a 
synthetic medium, found no change in the growth rate nor in the survival 
time following the addition of vitamins, although the cellular elements 
may have exhibited a somewhat more healthy appearance than cells grown 
in media without vitamins. Since hepatic cells contain lipase and no 
lipase activity could be demonstrated cytochemically in lymph node cells, 
the possibility of a difference in fat metabolism of these cell forms is 
apparent. 

Simms and Stillman (24) have described four factors in blood plasma. 
Factor “A” is a growth stimulant and prevents the formation of fat drop- 
lets; factor ““B” causes the formation of lipid droplets; factor ““C’”’ produces 
cellular degeneration; and factor ‘‘D” increases the cohesiveness of cells. 
Since blood serum was used in our investigation, all four factors would 
be expected to be present and the presence of factor ‘““B” would result in 
the elaboration of lipid droplets. Reiman et al. (1) noted that the for- 
mation of lipid droplets was greater in neoplastic and non-neoplastic lymph 
node cells grown in vitro when Hodgkin’s serum was substituted for normal 
human serum. These investigators postulated that the greater number 
of lipid droplets may be the result of a) an increase in factor “‘B” of Simms 
and Stillman in Hodgkin’s serum; 6) a deficiency or excess of unknown 
metabolite; c) a cellular deficiency of lipolytic enzyme; or d) the presence 
of intrinsic or extrinsic macromolecular particles peculiar to the cells 
altered by Hodgkin’s disease and arising as a result of cellular dissolution. 

Our observations suggest strongly that the accumulation of lipid in 
many lymph node cells grown in vitro is due to the mechanisms postulated 
by Reiman et al. (1), a possible lack of factor “A” of Simms in blood 
serum, or perhaps to a deficiency in choline or some of the members of the 
B-complex vitamins in the culture media. It is apparent that the more 
precise information concerning the lipid accumulation in tissue culture 
cells cannot be gained without the use of synthetic media. 


SUMMARY 


1. The type of cellular growth resulting from the in vitro cultivation of 
human lymph nodes appears to depend upon the cellular constitution and 
the degree of stimulation of the various cellular elements. 

2. Elongated reticulum cells and reticular clasmatocytes occur in greater 
number in cultures from nodes exhibiting neoplastic and non-neoplastic 
reticulum-cell hyperplasia (Hodgkin’s disease, reticulum-cell sarcoma, 
Boeck’s sarcoid, reticulum-cell and follicular hyperplasia) than from nodes 
having a less marked reticulum-cell hyperplasia (giant follicular lympho- 
blastoma, lymphosarcoma, lymphatic leukemia, and lymphadenitis). 

3. Marked cytochemical changes are induced in lymph node cells follow- 
ing in vitro cultivation. These changes include the elaboration of neutral 
fat droplets, lipid, plasmalogen and PAS- positive granules and an increase 
in acid and alkaline phosphatase. 
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4. 


Lipid droplets are generally present in great numbers in the cells 


grown from nodes with the histopathologic diagnosis of Hodgkin’s disease, 
reticulum-cell sarcoma and lymphadenitis. 


(1) 


~ 
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(8) 
(9) 
(10) 


(11) 
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VASCULAR REACTIONS OF NORMAL AND 
MALIGNANT TISSUES IN VIVO. V. THE 
ROLE OF HYPOTENSION IN THE AC- 
TION OF A BACTERIAL POLYSACCHARIDE 
ON TUMORS! 


Guenn H. Auorre, Frances Y. Lecatuais, and BELLE 
F. ANpERSON, National Cancer Institute,2, Bethesda 14, Md. 


In recent experiments (1) it was observed that decreased peripheral 
blood pressure induced by histamine, or by a variety of other procedures, 
greatly reduced the circulation in capillaries of tumors and of surrounding 
tissues of the host. Tumor damage resulted if the hypotensive state was 
prolonged for several hours or more. Striking similarities were noted in 
comparing these results with the circulatory changes obtained in earlier 
studies on the mechanism of action of a bacterial polysaccharide on 
sarcomas (2). In these studies, evidence was presented that the hemor- 
rhage within the tumor and its partial destruction resulted from the slow- 
ing of blood flow and the development of stasis in vessels of both the 
tumor and the surrounding tissues of the host. No evidence was found 
of a direct cytotoxic action of this substance on tumor cells, but it seemed 
rather that the tumor damage was secondary to host circulatory changes 
which led to impaired tumor circulation and consequent tissue anoxia. 

This interpretation received further support from experiments (3) in 
which it was found that mechanical obstruction to tumor blood supply can 
duplicate the action of the bacterial polysaccharide in producing hemor- 
rhage and tissue damage in susceptible tumors, while having no such 
effect on resistant tissues. 

The present experiments were undertaken to determine the possible réle 
of hypotension in'tumor damage induced by a bacterial polysaccharide 
obtained from Serratia marcescens culture filtrates.* Critical reviews of 
work in this field have been written by Shear (4) and by Karnofsky (6). 


METHODS 


The transparent chamber technique was used as previously described 
(6) to obtain well-vascularized growing sarcomas for in vivo microscopic 
study. In this procedure tumor growth takes place in an unconfined 


1 Received for publication February 26, 1952. 

2 National Institutes of Health, Public Health Service, Federal Security Agency. 

3 Acknowledgment is made to Dr. M. J. Shear, National Cancer Institute, for the bacterial polysaccharide prep- 
arations, designated as P-10, P-20, and P-25, and for information on dosages, method of administration, and 
activity of the various preparations. The term polysaccharide as used in this article refers to the above material 
unless otherwise indicated. 
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space, so that vascular responses may be observed under physiological 
conditions. The tumors used were strain L sarcoma and sarcoma 37, 
both carried in transplant at this Institute. A determination of systolic 
pressure was obtained in unanesthetized mice by an indirect method (7) 
in which arteries adjacent to tumors growing within the chamber area were 
observed microscopically as shown in figure 1. In this procedure the 
vessel is occluded by means of air pressure transmitted through a flexible 
membrane. The blood-pressure changes were correlated with observa- 
tions on blood flow in tumors and surrounding normal tissues within the 
chamber area. These were supplemented by photomicrographic records, 
and by measurements of the percentage of tissue occupied by functional 
blood vessels,‘ using methods previously described (8, 9). 

In addition to the circulatory changes, other in vivo indices of tumor 
damage were used as described in detail previously (3): vascular stasis and 
hemorrhage within the tumor, the later development of grayish opacity of 
such avascular areas of tissue in contrast to the more trauslucent appear- 
ance of unaffected areas, failure to re-establish circulation in affected 
areas, liquefaction of previously opaque areas, temporary slowing of 
growth rate, and ulceration of the skin over the protruding tumor mass. 
These criteria were supplemented by histologic study of tissues fixed in 
Zenker-formol, sectioned, and stained with hematoxylin and eosin. 

Observations and quantitative measurements were made as indicated 
above, prior to and at frequent intervals following intraperitoneal injec- 
tion of the bacterial polysaccharide preparations. Stock preparations 
containing 36 mg. per cubic centimeter were diluted with distilled water 
to obtain the desired dosage, and used within 1 hour after dilution. 

Dosages used ranged from 8 to 360 micrograms given either as a single 
or repeated intraperitoneal injection. Experiments were performed 
using mice with and without tumor transplants. 


RESULTS 


EFF&cTs OF A SINGLE INJECTION OF BACTERIAL POLYSACCHARIDE 


Intraperitoneal injection of polysaccharide preparations resulted in the 
development of peripheral hypotension accompanied by arterial dilation, 
sluggish blood flow, hemoconcentration, increased circulating leukocytes, 
and cessation of arteriolar vasomotion and striated muscle contraction. 
Capillaries became occluded or showed stasis of blood flow in both striated 
muscle and tumor tissues. The results of 17 experiments in which a 
single dose was given intraperitoneally, are summarized in table 1. The 
data show that the effects on peripheral blood pressure, vascular percent 
of tumors, tumor circulation, and extent of tumor damage, were directly 
correlated with the dosage. It is apparent that hypotension occurred in 
mice with or without transplanted tumors; that the decrease in vascular 


‘ Vascular percentage. This index is a relative value applicable as an approximation to successive changes in 
vascularity of tissue. In this method a microscope fitted with an eyepiece arranged to show a fixed pattern of 4 
points in the focal plane is used. For any one count this pattern is presented to the field in view 100 times and the 
percentage of visual contacts made with functioning vessels is recorded. A point is considered as a contact when 
the vessel is sufficiently in focus so that movement of blood within it can be detected. 
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percentage of the tumors, and slowing of circulation in normal and tumor 
tissue was coincident with the onset of hypotension; and that neither 
vascular level changes nor tumor damage occurred in the absence of hypo- 
tension, as shown in table 1, experiments 1, 2, 3, and 8. Hypotension 
became apparent within % to 1 hour after injection, while evidence of 
tumor damage developed only after several hours or more of low blood 
pressure. 

Except in experiments in which the animal died, blood pressure returned 
to preinjection levels within 1 or 2 days. Simultaneously, tumor circula- 
tion returned to normal levels in uninvolved areas, while areas of previous 
hemorrhage or circulatory stasis developed increased opacity followed by 
liquefaction necrosis. Tumor growth wasresumed as blood pressure returned 
tonormal. The higher doses of the polysaccharide produced the most severe 
and prolonged hypotension accompanied by the greatest reduction in 
tumor blood supply, and were followed by the most extensive damage. 
The circulatory reactions to this agent, except for blood pressure measure- 
ments, have been considered in a previous article (2) and need not be 
repeated here in detail. 

Text-figure 1 shows graphically the direct correlation between peripheral 
blood pressure and the decrease in functional capillaries within the tumor. 
The drop from 47 percent to 9 percent vascular level within 5 hours 
indicates a decrease of approximately 80 percent in tumor vascularity, as 
compared to the preinjection level. It is important to note that vessels 
are counted as functional even if the blood flow is so sluggish as to be 
barely perceptible. For this reason, the full degree of ischemia is not 
indicated by measurements of vascular percentage alone. 
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HOURS AFTER INJECTION 


TEXT-FIGURE 1.—Effect of 28.8 micrograms of bacterial polysaccharide on peripheral 
blood pressure and tumor vascular percentage (table 1, experiment 5). Blood 
pressure is indicated by the upper graph; vascular percentages by the lower. 
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Figures 2 through 6 illustrate the results of experiment 5 of table 1. 
Figure 2 shows the tumor blood supply prior to injection of bacterial 
polysaccharide. The development of tumor ischemia 5 hours later (fig. 
3) was accompanied by circulatory stasis and formation of white thrombi 
in many vessels (fig. 4). Twenty-four hours later the central portion of 
the tumor was avascular and opaque (fig. 5). The further development of 
central necrosis at the end of 3 days, with return of circulation in pe- 
ripheral areas is shown in figure 6. 


EFFECTS OF REPEATED INJECTION OF BACTERIAL POLYSACCHARIDE 


The results of 8 experiments from table 1, in which additional injections 
were given at various intervals after the first, are summarized in table 2. 
The data show that the most pronounced and prolonged fall in blood 
pressure occurred after the first injection. A second injection given 1 to 
5 days later resulted in either no change in blood pressure or a small drop 
of shorter duration than the first. The 3d, 4th, or 5th doses given 
from 4 to 13 days after the initial injection gave either no significant drop 
in blood pressure, or a minor reduction of short duration. Text-figure 2 
shows graphically the change in blood pressure response with successive 
injections of polysaccharide, (experiment 7, table 2). The changes in 
vascular percent, rapidity of circulation, and extent of tumor damage were 
directly correlated with the blood pressure response. 
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Text-FicurE 2.—The effect of multiple injections of polysaccharide on peripheral 
blood pressure (experiment 7, table 2). 
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The end result of successive injections of polysaccharide on the tumor 
illustrated above (figs. 2-6) is shown in figures 7 and 8. Figure 7 illustrates 
the in vivo appearance of the tumor in experiment 5, table 2, taken 10 
days after initial dose of bacterial polysaccharide and 4 and 2 days, 
respectively, after the 2d and 3d injections. For comparison, figure 8 
shows a histopathologic section taken at this time. 


DISCUSSION 


It has been recognized for some time that low blood pressure results 
from the injection of bacterial polysaccharide preparations into patients 
(10-13) and into mice with tumors (14). It has not hitherto been demon- 
strated that hypotension may be causally related to the hemorrhage and 
partial necrosis which follows injection of this material. Hypotension 
has been considered, rather, to be an undesirable secondary effect, unre- 
lated to its tumor necrotizing capacity (14). 

In the experiments reported here, it was observed that a reduction in 
tumor circulation accompanied the fall in blood pressure. The theoretical 
basis for the dependence of capillary circulation on blood pressure has been 
reviewed by Burton and Yamada (15), and its implications for tumor 
circulation discussed in an earlier paper of this series (1). The degree of 
ischemia and the extent of tumor damage were directly correlated with 
the duration and magnitude of the drop in blood pressure. Neither 
circulatory disturbance nor tumor damage occurred in the absence of 
hypotension. Dependent upon the circulatory state of the tumor in 
these experiments, there occurred either hemorrhage followed by necrosis, 
or necrosis without hemorrhagic manifestations. It is not to be expected 
that all tissues or tumors will react in an identical manner to such condi- 
tions, since it is well known that tissues differ in their resistance to ischemic 
anoxia (16, 17). 

Earlier work on the mechanism of action of bacterial toxins on tumors 
was discussed in a previous article (2). Since then, no experimental evi- 
dence incompatible with the interpretation presented here has come to our 
attention. Several workers have reported that bacterial toxins have no 
direct effect on tumor cells. Klein (18), for example, has found that a 
bacterial polysaccharide preparation which produced hemorrhage 
and necrosis in sarcoma 37 grown as a solid tumor, had no effect on sar- 
coma cells grown as an ascites tumor. Bacterial toxins have been found 
to be without toxicity to tumor cells in vitro (19). In tissue culture bac- 
terial polysaccharide was without effect on tumor cells (20), while in con- 
firmatory experiments, it was found to enhance the areal increase of 
sarcoma 37 cells (21). Heilbrunn and Wilson (22) have reported that 
bacterial polysaccharide suppresses the initiation of mitosis in Chaetopterus 
eggs. From the tissue culture results it seems unlikely that this finding 
applies to mammalian cells. Seligman et al (23) have presented evidence 
that very little polysaccharide tagged with radioiodine reaches the tumor. 
Considerable doubt exists, however, whether absence of radioiodine at the 
tumor site indicated absence of polysaccharide. Since the absolute purity 
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is not known, it is not certain that the polysaccharide or the damaging 
moiety was labelled or if the label remained attached. Diller (24) has 
reported cytologic evidence of nuclear damage to transplanted mouse 
sarcoma cells before the onset of stasis or hemorrhage, beginning 1% to 2 
hours after injection of 0.01 mgm. of bacterial polysaccharide, and reaching 
maximum destruction at 6 hours. This finding is not incompatible with 
the observations in the experiments reported here of pronounced hypoten- 
sion and decreased tumor circulation after 4% hour. On the contrary, 
it is to be expected that cytologic studies would reveal necrobiotic changes 
resulting from ischemic anoxia considerably before the development of 
irreversible anoxic damage to capillaries as manifested by hemorrhage or 
stasis. 

The question arises as to whether the circulatory effects of the poly- 
saccharide on the host and on the tumor are manifestations of high dosages 
which may mask a selective damage to tumor cells. In our experiments, 
no evidence of tumor damage or of circulatory effects was noted at dosages 
of from 8 to 14 micrograms. Significant circulatory effects and evidence 
of tumor damage were obtained at dose ranges from 28.8 to 360 micro- 
grams, with 1 fatality among 17 mice used. The LD/50 for preparation 
P-25 in control CAF; mice was found to be approximately 1,000 micro- 
grams, considerably above the tumor necrotizing dose. 

Considerable effort has been expended in attempts to decrease the 
antigenic and toxic properties of bacterial toxins without destroying the 
tumor necrotizing ability (25-28). Efforts to accomplish this have not, 
so far, been successful. In studies reported by Creech et al. (29), the 
toxic or lethal activity ran parallel with the tumor-necrotizing ability. 
From the results reported here and in previous work (2), it would appear 
that toxicity to the host and tumor-necrotizing ability are correlated 
with the degree and duration of ischemia resulting from hypotension, and 
therefore with the mechanism of action of the bacterial polysaccharide in 
causing tumor damage. 

The relationship between shock and tumor damage has been discussed 
by Gardner, Bailey, and Hyde (30) who considered the hemorrhagic 
phenomena within the tumor to be a result of generalized vascular shock 
accompanying anaphylaxis. Shear states (4) that severe shock some- 
times appears to be capable of acting to produce hemorrhage in tumors, 
but believes that in the action of the bacterial polysaccharide severe 
hemorrhage in tumors results in secondary shock in the host. Experi- 
ments reported previously (1) have shown that hemorrhage in tumors 
produced by tourniquet shock is a result of tumor ischemia accompanying 
hypotension. Undoubtedly severe hemorrhage in tumors would augment 
the state of shock in the host resulting from the toxicity of this polysac- 
charide. This may explain the observations of Shear (4) that poly- 
saccharide injections produce a higher mortality in mice bearing large 
tumors than in controls or in mice with small tumors. 

The circulatory effects of this polysaccharide on the host and on the 
tumor are similar to those obtained when hypotension was induced by 

2040965220 
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various other stimuli (1). Thus, added support is given to the suggestion 
made previously (2) that the mechanism of action of this agent is an ex- 
ample of a host reaction to a variety of agents which similarly decrease 
the host circulatory rate, secondarily affecting the tumor circulation 
with resulting irreversible anoxic damage. 

Many points remain to be clarified, however, in regard to the action of 
bacterial endotoxins in general. Chambers ef al. (31) have shown that 
the pyrogenic activity is mediated through the central nervous system. 
Windle et al. (32) have pointed out that the pyrogenic factor is only one 
of a number of products of the bacterial cell and other factors may be 
responsible for some of the toxic symptoms. These authors state that it 
has not yet been possible to obtain a complete separation of polysaccharides 
from nitrogenous components. While the evidence suggests that the 
polysaccharide fraction is responsible for the pyrogenic activity, other 
components may be responsible for some of the toxic symptoms. 

There are many indications that the effects on the host of this poly- 
saccharide, as well as of other bacterial endotoxins, are related to the 
general adaptation syndrome as described by Selye (33). Thus, the 
physio-pathologic changes are nonspecific, since not only hypotension, 
but increased circulating leukocytes and hemoconcentration have resulted 
from histamine, tourniquet shock, hypertonic glucose, anaphylaxis (1), 
and after injections of the polysaccharide. Successive injections result 
in increased tolerance to the toxicity, likewise to the hypotensive effects. 
Adrenal cortical changes suggesting acceleration of cortical secretory 
activity after polysaccharide administration have been described by 
Diller et al. (34). Similar results were obtained by Windle et al. (32) 
after injection of pyrogenic polysaccharide preparations from a Pseudo- 
monas species. 

From the foregoing discussion it appears that hypotension, and con- 
sequently tumor-necrotizing capacity, are manifestations of the properties 
of these polysaccharide preparations and associated with their action. 
It is of interest that while the circulatory effects of the polysaccharide 
are manifest in both normal and neoplastic tissues, the necrotizing action 
is primarily localized to the tumor. The unique blood supply within 
rapidly growing sarcomas, with large sinusoidal capillaries, scanty con- 
nective tissue framework, few arteries, relatively sluggish circulation, 
and low blood pressure, appears to be an important factor in this result. 
Consequently, the central portions of the tumor are most severely dam- 
aged, while peripheral cells adjacent to the blood supply of normal tissues 
survive and resume growth. Such peripheral cells could be destroyed 
only by agents having a direct cytotoxic effect. 


SUMMARY 


The possible réle of hypotension in tumor damage induced by a bacte- 
rial polysaccharide was investigated using the transparent chamber tech- 
nique and an indirect method for measurement of peripheral blood pressure. 
In vivo microscopic observations on blood flow in sarcomas and surrounding 
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normal tissues were made prior to and following intraperitoneal injection 
of bacterial polysaccharide preparations at dosages ranging from 8 to 360 
micrograms. Measurements of changes in the percentage of functional 
tumor capillaries were correlated with determinations of systolic blood 
pressure in arteries of normal tissue adjacent to tumors growing within 
the transparent chambers. 

The results showed that the degree and duration of hypotension were 
directly correlated with the dosage. Hypotension resulted in decreased 
rates of circulation and of blood content of tumors. Evidence of irrevers- 
ible ischemic damage to tumor capillaries, as indicated by stasis, hemor- 
rhage, or thrombus formation, occurred after about 2 hours or more of 
hypotension. The extent of tumor damage was proportional to the de- 
gree and duration of hypotension. Repeated injections at intervals of 1 to 
8 days produced a resistance which was associated with decreased degree 
and duration of hypotension. 

It is concluded that the tumor-necrotizing effect of this agent is brought 
about by the ischemia and circulatory stasis induced by hypotension. 
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PLaTE 142 


FicurE 1.—Determination of blood pressure in artery adjacent to melanoma (arrow) in 
transparent chamber, showing partial occlusion by flexible membrane. X 10 


Stages in response of sarcoma 37 to injection of 28.8 micrograms of bacterial poly- 
saccharide (table 1, experiment 7). Figures 2-6. 


Figure 2.—Capillary blood supply of sarcoma 37, prior to injection. X 20 
Ficure 3.—Tumor ischemia 5 hours after injection. X 20 


Figure 4.—Circulatory stasis, with white thrombi (arrow) plugging tumor capillaries 
5 hours after injection. XX 90 


Figure 5.—Central ischemia of tumor 24 hours after injection. X 20 


Figure 6.—Three days after injection showing central necrosis (arrow) of tumor with 
return of circulation in peripheral areas. X 20 


Ficure 7.—Ten days after injection of initial dose of bacterial polysaccharide, 4 and 
3 days, respectively, after 2d and 3d injections (experiment 5 of table 2). Note 
the original area of central necrosis (arrow), the more peripheral ischemic zone, 
and continued capillary proliferation at the extreme periphery of the tumor. X 20 
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Extensive necrosis, with peripheral surviving tissue in sarcoma 37 at end 
of experiment 5, table 2. (Cf. fig. 7.) 15 
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PULMONARY ADENOMATOSIS IN MICE! 


Heten A. Horn, CuHartes C. Conapon, ALLEN B. 
EscHENBRENNER, Howarp B. ANDERVONT, and HaroLp 
L. Stewart, National Cancer Institute,? Bethesda, Md. 


The upsurge in the interest of pathologists in pulmonary adenomatosis 
in man during the last decade has stimulated a search for similar lesions 
in animals, as well as investigation of suspected etiologic agents. Many 
authors stress the similarity between the lesion in man and that of 
jaagsiekte in sheep. Pulmonary changes resembling jaagsiekte have also 
been described in goats, guinea pigs, horses, and mules. With one excep- 
tion (1), mice have not previously been reported to develop pulmonary 
adenomatosis as far as the authors are aware. The purpose of this com- 
munication is to record cases of pulmonary adenomatosis in mice, and to 
contrast this lesion with alveologenic carcinoma in the same species. A 
recent review of pulmonary adenomatosis in man, and of comparable 
lesions in other animals, is available in a paper by Swan (2). 


CASE REPORTS 


Cass I. The lungs were obtained from an untreated, virgin wild mouse, 
19% months old, that had been born and kept during her entire life in the 
laboratory. At the time of autopsy, the record did not indicate the pres- 
ence of grossly detectable lesions in the lung. Three pieces of tissue fixed 
in Tellyesniszky’s fluid were available for microscopic examination. The 
histopathologic material was prepared according to the following methods: 
hematoxylin and eosin, Heidenhain’s iron alum hematoxylin, periodic 
acid-Schiff reaction, phosphotungstic acid hematoxylin, Wilder’s silver 
impregnation for reticulum, Gomori’s prussian blue fuchsin for iron, van 
Gieson’s stain, toluidine blue, Ziehl-Neelsen’s carbolfuchsin acid-fast stain, 
and Mayer’s mucicarmine. 

Pulmonary adenomatosis——One piece of lung representing a section 
through one lobe is involved almost entirely by a lesion which resembles 
the lesion of pulmonary adenomatosis in man. The portion of the lung 
not involved by this process consists of one wedge-shaped and several 
smaller rounded pneumonic areas intensely infiltrated by acidophilic 
mononuclear leukocytes which contain needle-shaped crystals similar to 
those described in the other sections of the lung. 


1 Received for publication February 26, 1952. 
2 National Institutes of Health, Public Health Service, Federal Security Agency. 
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The lesion of adenomatosis is characterized by the presence of mucus- 
containing cells that appear to line alveolar spaces throughout this piece of 
lung (fig. 3), except for portions of the pneumonic areas mentioned above. 
The majority of these cells are columnar in shape; a few are cuboidal and 
still fewer are flat. The cells for the most part are arranged in a single 
layer, although pseudostratification may be found in some parts of the 
lesion. Other than for the presence of the mucous cell lining of alveoli, 
the architecture of the lung is preserved. The larger bronchi and blood 
vessels are intact, and they apparently are neither infiltrated, compressed, 
nor otherwise distorted. The outline of the serosa of this lobe of the lung 
seems to be undisturbed and the lesion is not elevated above the pleural 
surface. The pleura appears to be only slightly thickened in a few places. 

The mucous cell that lines the alveoli in the involved portion of the lung 
is devoid of cilia and can generally be divided into two fairly equal parts. 
The basal part of the cell contains the nucleus, which is surrounded by 
finely granular, eosinophilic cytoplasm. The distal part of the cell is 
occupied by a sharply outlined globule that presents a foamlike appear- 
ance (in hematoxylin and eosin, iron alum hematoxylin, and carbolfuchsin). 
This globule stains red with mucicarmine, reddish purple (fig. 5) with the 
periodic acid-Schiff method (before and after diastase), and brown follow- 
ing silver impregnation. The nucleus is round, or oval, and frequently 
contains one or two folds. The nuclear membrane is well defined and the 
nucleoplasm possesses a fine linin network with punctate chromatin 
granules. An average of one mitotic figure may be seen in every three 
high-power fields. The mucus-containing cells and their nuclei are 
approximately twice as large as the bronchial epithelial cells and their 
nuclei, respectively. The stroma of the lesion of pulmonary adenomatosis 
in this mouse is scant and is composed of mature fibroblasts, a few capil- 
laries, reticulum, and collagen, which occupies a basement membrane-like 
position. Except for the pneumonic areas which are localized, inflam- 
matory cells are not numerous and those that are present are chiefly 
lymphocytes. These inflammatory cells are found in focal collections 
beneath the pleura and around some of the larger bronchi and blood 
vessels. 

In the lesion of adenomatosis, spaces are invariably present corre- 
sponding, we believe, to the spaces of pre-existing alveoli. This space 
may be so small as to be observable only under high magnification and 
the size of the largest spaces does not exceed that of the sacs of normal 
alveoli or of alveolar ducts. Structures resembling alveolar ducts may 
be seen and they are also lined by mucous cells. Roughly 20 percent 
of the air sacs contain cellular detritus consisting of neutrophils, des- 
quamated mucous cells, and degenerated cells that are not identifiable. 
About 30 percent of all sacs contain masses of amorphous material, 
which in places resembles mucus, while elsewhere it is often laminated 
and fractured in the sections so that it resembles a concretion. Occasion- 
ally, masses of this material are surrounded in whole or in part by stroma, 
but under these circumstances it appears that the space containing the 
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material is, in fact, the sac of an alveolus from which the mucous lining 
cells have been desquamated. Large giant cells that have 30 to 50 
nuclei are occasionally found in the lumen of the ‘‘adenomatoid”’ alveolus, 
or they may be seen free in the scant stroma between alveoli. With 
hematoxylin and eosin, these concretions vary from deep purple to reddish 
brown, with the periodic acid-Schiff reaction from red to purple, with 
prussian blue fuchsin mostly fuchsinophilic, with phosphotungstic acid 
hematoxylin reddish brown, and with iron hematoxylin the material 
stains black and gray. Microincineration reveals this amorphous ma- 
terial to leave an ash residue of calcium and/or magnesium. 

It is not difficult to determine the junction between a bronchiole and 
the lesion of adenomatosis, and between the latter and adjacent normal 
alveoli. A study of a number of such junctions between bronchioles 
and alveoli lined by adenomatosis cells reveals that 1) the juntion is 
abrupt and sharply demarcated; 2) it is near the junction between the 
bronchiole and the alveolar duct; 3) there are frequently small papillary 
projections consisting of adenomatosis cells that extend from the alveolus 
or alveolar duct into the lumen of the bronchiole. The point of junction 
between one bronchiole and the area of adenomatosis shows the ciliated 
cells of the bronchiolar epithelium continuous for a short distance beneath 
a small papillary extension of nonciliated adenomatosis cells (fig. 6). 
The junction between the lesion of adenomatosis and the pneumonic 
area, consisting of intra-alveolar mononuclear leukocytes is sharply 
delimited. However, several neighboring alveoli within the pneumonic 
area show foci of adenomatosis cells which either completely invest the 
alveolus or form a papillary tuft projecting into the alveolar space 
(fig. 7). 

Pulmonary tumors.—The second piece of lung bears a large pulmonary 
tumor having a papillary acinous structure and resembling the common 
pulmonary tumor of the mouse (alveologenic carcinoma). This tumor 
is elevated on the surface of the lung and the pleura over it is slightly 
thickened (fig. 1). The tumor occupies the lumen of two different bronchi. 
There are two other small, apparently separate, pulmonary tumors 
occupying a subpleural position. The stroma is scant and the collagenic 
fibers and reticular fibrils have a basement-membrane-like position. 
Blood vessels are few and of capillary size. The epithelial-like cells 
of the tumor are cuboidal and columnar in shape and generally possess 
a homogeneous cytoplasm. The lumens of a few of the acini contain 
small amounts of granular material that is both eosinophilic and fuch- 
sinophilic before and after treatment with diastase. The tumor shows 
a focus consisting of approximately six acini that are lined with tumor 
cells containing red granules in the periodic acid-Schiff preparation 
which can be removed by diastase (fig. 2). 

Pneumonic lung.—There is a pneumonic process involving one of the 
pieces of lung entirely and portions of the other two pieces. The latter 
two are also involved by pulmonary tumors and by the lesion of adeno- 
matosis. The pneumonic areas are characterized by an infiltration of 
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mononuclear leukocytes. The cytoplasm of these cells stains deep red 
with eosin and contains a few pigment granules and innumerable small 
needle-shaped crystals. These crystals stain red with eosin, black with 
iron hematoxylin, faint pink with fuchsin (in periodic acid-Schiff and 
in prussian blue fuchsin preparations), dark brown with phosphotungstic 
acid hematoxylin, brown with silver, and pale blue with toluidine blue. 
Similiar crystals have been described in the lungs of other mice (8). 

Case II. This was an untreated male C3Hb mouse, age 19% months, 
which was born and raised in an animal room remote from the one in 
which the animal of Case I was caged. No note of any pulmonary lesion 
was made at autopsy. Pulmonary adenomatosis was found in only one 
of several pieces of lung selected apparently at random at autopsy (fig. 8). 
The tissues were fixed in Zenker’s-formol fluid. The same histopathologic 
techniques as described for Case I were employed. Study of this lesion 
revealed that it resembled the lesion of adenomatosis found in Case I. 
The alveoli are lined with columnar mucus-containing (mucicarmine 
stain) epithelial cells, showing in the periodic acid-Schiff preparations large 
droplets of reddish purple material in the cytoplasm. The alveolar 
spaces regularly contain periodic acid-Schiff positive material (figs. 9 and 
10) and occasionally deposits of calcareous material similar to that de- 
scribed in Case I. The junctions between the lesion of adenomatosis and 
bronchioles and alveoli are similar to those in Case I, except that papillary 
extensions of the process into bronchi are not observed. 

At a distance from the area of pulmonary adenomatosis, the lung tissue 
is infiltrated with many large mononuclear cells that are colored red with 
fuchsin (periodic acid-Schiff). Crystalloid structures cannot be detected 
in these cells. 

Report from the literature-—In a previous communication (1) from this 
laboratory dealing with the effects upon mice of the oral administration 
of olive-oil emulsions containing 1,2,5,6-dibenzanthracene and 20-methyl- 
cholanthrene, multiple induced pulmonary tumors and an unusual lesion 
of the lung were described and contrasted. Two pertinent paragraphs 
from this communication are quoted: 

“Multiple primary pulmonary tumors were induced in all groups of the 
mice of this experiment, with the exception of strain I (table 4). As 
many as 100 nodules were counted in some animals of strain A and A 
backcross hybrids. There were fewer nodules in strains of low suscepti- 
bility such as C57 brown, C57 black, C3H, and DBA. Early neoplastic 
changes developed in the pulmonary alveoli, resembling those described 
by Grady and Stewart. With the exception noted, the tumors were 
histologically similar to the common primary pulmonary tumor of the 
mouse. 

“‘A few mice of the DBA strain, in which the common pulmonary tumor 
just described occurred, also show another type of pulmonary lesion which 
has not been encountered in the lungs of any of the numerous other mice 
studied in this Institute. This lesion consisted of an aggregation of dis- 
tinctly outlined acinar structures lined by a single layer of cuboidal or 
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columnar cells. The nuclei were hyperchromatic and basally situated. 
Between the nucleus and the free border of the cell the cytoplasm was 
usually clear suggesting the presence of some secretory material. Within 
the area of involvement, the atypical acini were usually separated from 
each other by a few pulmonary alveoli which were partially collapsed, 
showed fibrous thickening of their walls, and contained a few macrophages. 
A bronchiole or large alveolar duct was frequently but not invariably 
associated with the apical, more deeply placed portion of this lesion. 
There was a striking resemblance between the epithelium of the acinous 
structures and that of the bronchi. Some of the lesions were well within 
the substance of the lung but the majority were superficial. When sub- 
pleural in position the surface of the lung was slightly depressed in an 
area overlying the nodule. Before deciding with regard to the neoplastic 
or non-neoplastic character of this lesion, further studies will have to be 
carried out, but it is our impression that this lesion may be bronchial 
dilation and proliferation in association with inflammation, rather than a 
neoplasm. Its possible relationship to pulmonary adenomatosis in man 
and to jaagsiekte in sheep is under consideration.” 

In the light of the findings of two additional cases of pulmonary ade- 
nomatosis in untreated mice it was deemed pertinent to restudy and re- 
evaluate the pulmonary lesion of the DBA mice fed the carcinogenic 
hydrocarbon in olive oil. There were 9 of these DBA mice ranging in 
age between 5 and 9 months and including both males and females. 
Sections of these lungs contained multiple small focal lesions (fig. 11), 
which when stained by the periodic acid-Schiff method showed abundant 
reddish purple material in the distal portion of each adenomatosis cell 
corresponding to the secretory material noted in the hematoxylin-eosin 
preparations (fig. 12). A considerable amount of periodic acid-Schiff- 
positive material was also noted in the lumens of the bronchioles, bronchi, 
and alveoli suggesting that the secretion was discharged into these spaces. 
Seven areas of adenomatosis were followed in serial sections of one of 
these lungs. For the most, these areas were seen to be in direct continuity 
with a single large bronchus through related smaller bronchioles. How- 
ever in two instances, each given area of adenomatosis was related in a 
similar manner to two large bronchi. 

In following some of the bronchiolar-adenomatosis area connections, it 
was noted that some of the alveolar ducts were lined, in part or wholly, by 
adenomatosis cells but others were entirely free of them. In some in- 
stances it was difficult positively to distinguish between terminal bron- 
chiolar and alveolar ducts so involved. 

We regard the small lesions in the DBA mice as the early development 
of the lesion of pulmonary adenomatosis. What effect, if any, the oral 
administration of 1,2,5,6-dibenzanthracene had on the induction of this 
lesion awaits further study. Since only one lesion of this nature was 
seen in the lungs of 125 untreated DBA mice examined, it is reasonable to 
suspect that the lesions in the treated mice were the result of the effects 
of the hydrocarbon. 
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One striking feature observed in the lungs of the treated DBA mice, 
and not in the mice of the first two cases, is that the walls of many of 
the pulmonary blood vessels stain deep reddish purple with the periodic 
acid-Schiff stain. 

COMMENT 


We have not been able to find reports in the literature of lesions resem- 
bling pulmonary adenomatosis occurring in mice other than the one 
cited (1) from this laboratory. The cases reported and cited in the 
present paper are the first to be recognized in the material examined in 
the Laboratory of Pathology of this Institute. The lesion of pulmonary 
adenomatosis in man is strikingly similar to that of the mice herein 
described. Briefly, the feature common to both the lesion of man and 
that of the mouse is the presence of a single layer of columnar cells lining 
the pulmonary alveoli, the cytoplasm of each lining cell containing a 
large globule of mucus. Papillary tufts of proliferating adenomatosis 
cells project into the alveolar space in many places in the lesions of both 
man and mouse. 

Pulmonary tumors induced in mice by urethan (4) or by the carcino- 
genic hydrocarbons (5) arise from cells of the alveoli. Such induced 
pulmonary tumors are histologically indistinguishable from spontaneous 
tumors of the lung of the mouse, and they may be readily contrasted 
with the lesion of adenomatosis. Sections of lungs from several mice 
treated with urethan, in which multiple pulmonary tumors were present, 
were prepared by the periodic acid-fuchsin method of Schiff before and 
after treatment of the section with diastase. The tissue had been fixed 
in acid-Zenker’s fluid. Most of the pulmonary tumors showed the 
presence of some red stained material. This was almost always scant, 
irregularly and sporadically distributed, and present within the tumor 
cells in the form of a single granule or multiple small granules, spicules, 
or irregular clumps, some of which occupied the entire cytoplasm of the 
cells. Diastase removed all of the periodic acid-Schiff-positive material 
of such a tumor or appreciably reduced the amount of it. The acinar 
spaces of the urethan-induced tumor contained no periodic acid-Schiff- 
positive material. In contrast to the pulmonary tumors, the cells of the 
lesion of pulmonary adenomatosis contain large quantities of reddish- 
purple material (periodic acid-Schiff) which is not removed by treatment 
with diastase. 

It is the opinion of the authors that the lesion of pulmonary adenoma- 
tosis in these mice do not represent a malignant process. The architec- 
ture of the lung is in no way distorted by the lesion. The visceral pleura 
is not involved and it is not bulged as it would be by a tumor. The 
bronchiolar and vascular trees are not compressed, obstructed, infiltrated, 
or involved in any other way by the lesion, such as would characterize 
a malignant tumor. No “adenomatosis” cells were found invading the 
blood or lymphatic vessels or perivascular or perineural spaces. No 
tumors were found of the gastrointestinal tract or of other tissues and or- 
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gans which might have yielded secondary pulmonary deposits thus 
accounting for the lesion in the lung. 


SUMMARY 


The lungs of two mice bearing lesions resembling those of pulmonary 
adenomatosis in man are described and reference is made to a previous 
description of this lesion in mice. 

Alveologenic carcinoma is contrasted with the lesion of pulmonary 
adenomatosis. 

The lesion of pulmonary adenomatosis is composed of cells, the vast 
majority of which contain a single droplet of mucus. Spontaneous and 
urethan-induced pulmonary tumors contain little or no red-purple 
material when stained with the periodic acid-Schiff reagent, and that 
which does stain is removed in whole or in large part by diastase. 


REFERENCES 


(1) Lorenz, E., and Stewart, H. L.: Tumors of the alimentary tract induced in mice 
by feeding olive oil emulsions containing carcinogenic hydrocarbons. J. Nat. 
Cancer Inst. 7: 227-238, 1947. 

(2) Swan, Lawrence L.: Pulmonary adenomatosis of man. Arch. Path. 47: 
517-544, 1949. 

(3) Green, E. U.: On the occurrence of crystalline material in the lungs of normal 
and cancerous Swiss mice. Cancer Research 22: 210-217, 1942. 

(4) Mosrtort, F. K., and Larsen, C. D.: The histopathogenesis of pulmonary tumors 
induced in strain A mice by urethan. J. Nat. Cancer Inst. 11: 1187-1221, 1951. 

(5) Grapy, H. G., and Stewart, H. L.: Histogenesis of induced pulmonary tumors 
in strain A mice. Am. J. Path. 16: 417-432, 1940. 








1304 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 144 


Figure 1.—Pulmonary tumor (alveologenic carcinoma) of Case I. Hematoxylin and 
eosin. X 30 





Figure 2.—Higher magnification of figure 1 showing papillary adenomatous architec- 
ture of tumor. Hematoxylin and eosin. X 200 
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PLaTE 145 
Figure 3.—Lobe of lung bearing lesion of adenomatosis. Case I. Hematoxylin and 
eosin. < 1S 


Ficure 4.—Higher magnification of figure 3 showing characteristic alveolar ‘‘lining”’ 
cells. Note vacuole above nucleus; the lumens contain concretions and cellular 


detritus. Hematoxylin and eosin. 320 
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PLATE 146 


Figure 5.—Distribution of mucus in lesion of figure 4 as stained by periodie acid- 
Schiff. 430 


Ficure 6.—Junction of bronchiole and adenomatous alveolus in lung of mouse. Case 
II. Hematoxylin and eosin. % 320 
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PLATE 147 


Figure 7.—Papillary projection of mucous cells into sac of an alveolus. Case II, 
Hematoxylin and eosin. X 320 








FicureE 8.—Lesion of adenomatosis in Case II. Hematoxylin and eosin. % 45 
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PLATE 148 


Figure 9.—Higher magnification of figure 8, showing mucous lining cells containing 
vacuole above nucleus. Case II. Hematoxylin and eosin. X 430 


Figure 10.—Distribution of periodic acid-Schiff-positive material in lesion of Case II 
260 
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PLATE 149 


Figure 11.—Earliest lesion of pulmonary adeaomatosis in DBA mice administered 
Hematoxylin and! eosin. 285 


1,2,5,6-dibenzanthracene. 


-Characteristic focus of adenomatosis in lung of DBA mice showing 
Periodic acid-Schiff. 185 


FIGURE 12. 
mucous droplets in alveolar lining cells. 
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THE INFECTION OF CELLS IN TISSUE 
CULTURE WITH ROUS SARCOMA VIRUS! 


KaTHerInE K. Sanrorp, GweEnpotyn D. LIKE y, 
W. Ray Bryan, and Witton R. Earue, Laboratory of 
Biology, National Cancer Institute,? Bethesda 14, Md. 


Several attempts have been made to determine the specific tissue cell 
or cells of the chicken that become infected and transformed in vivo by 
the Rous sarcoma virus. From tissue cultures of this sarcoma, Carrel 
(1, 2) attempted to isolate two strains of cells—one spindle-shaped or 
fibroblast-like, the other rounded and amoeboid, resembling tissue macro- 
phages or monocytes. The fibroblast-like cells were cultured for a period 
of 2 to 3 months. During this period 20 cultures were implanted into 
chickens. Cells implanted during the first week of culture gave rise to 
tumors, but after this interval no tumors were produced. Eight cultures 
of amoeboid-like cells from the Rous sarcoma were implanted into chick- 
ens after 14 to 33 days of culture. All gave rise to tumors. It was con- 
cluded from the results of these 28 implantations that cultures of fibro- 
blasts from the Rous sarcoma do not conserve the property of transmitting 
the tumor, whereas the amoeboid or monocyte-like cells do. The positive 
results from implantation of fibroblasts during the first week of culture 
were attributed to the presence of cells other than fibroblasts in the cul- 
tures. The results were interpreted by Carrel as suggesting that the 
monocyte rather than the fibroblast of the chicken may be the tissue cell 
that becomes infected and transformed in vivo by the Rous sarcoma virus. 

In experimental verification of this hypothesis, Carrel (3-6) cultured 
strains of normal fibroblasts and blood monocytes, inoculated these cells 
in culture with Rous sarcoma virus, and tested the treated cells for their 
ability to produce tumors. The cultures of chicken fibroblasts were from 
a 12-year-old cell strain; the strains of monocytes were cultured from 
chicken blood for periods of 4 to 30 days. Either a filtered extract of the 
Rous sarcoma or dried frgzments of the sarcoma were used to treat the 
cultured cells. These pr tions of the virus in serum and Tyrode’s 
solution at a pi of 7.4 to 7.8 were found to be inactive in the absence of 
cells after 48 hofrs’ incubation at 38° C. 

After 4 to 30 days’ incubation of the sarcoma extract with cultures of 
monocytes growing in chicken-plasma clot, fragments of the plasma clot 
or discs of woolen cloth soaked in the supernatant culture fluid were 


1 Received for publication February 29, 1952. 
2 National Institutes of Health, Public Health Service, Federal Security Agency. 
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implanted into chickens. Of 24 implantations, 7 were negative and 17 
positive; 6 of the latter resulted from implanting coagulum, and 11 
resulted from implantations of supernatant culture fluid. 

During incubation of the cells with the virus, agglomeration of the 
cells and liquefaction of the plasma clot often were observed. The edges 
of the digested area became lined with small masses of apparently necrotic 
tissue. From these masses, fibroblast-like cells arose. Thus under the 
action of the virus, the monocytes appeared to transform to fibroblast-like 
cells (7). 

When 31 fibroblast cultures were treated with either an extract of Rous 
sarcoma or of another chicken sarcoma, and were injected into chickens, 
no tumors were produced. It was therefore concluded that the monocyte 
of the chicken and not the fibroblast is susceptible to the Rous sarcoma 
virus. 

In a later study (6) Carrel treated larger volumes of cultured cells with 
the sarcoma extract. Four explants of either buffy coat or of the same 
strain of chicken fibroblasts used earlier were planted in each flask, and 
the sarcoma extract was added. When culture fluid from two buffy-coat 
cultures was injected into two chickens, 6 and 13 days after treatment of 
the cultures, tumors developed. When culture fluid from the four fibro- 
blast cultures was injected into six chickens, 5 to 18 days after treatment 
of the cultures, no tumors appeared. Although the supernatant fluids 
from the four fibroblast cultures were inactive, at least two of these cul- 
tures were infected with the virus, since 1 month later when cells from the 
cultures were implanted into chickens, sarcomas developed. It was con- 
cluded that in the presence of approximately equal volumes of fibroblasts 
and monocytes, the virus keeps its full activity in the fluids of the mono- 
cyte cultures, but disappears from the fluids of the fibroblast cultures 
although the virus may remain in the colony of fibroblasts. 

Ludford (8) studied the Fujinami sarcoma virus in tissue cultures. 
Fibroblasts from the pectoral and heart muscle of chicks and cultures of 
buffy coat of fowl blood were treated with a filtered extract of this sar- 
coma. After varying intervals of approximately 4 to 18 days following 
treatment, the cells and supernatant fluids from these treated cultures 
were inoculated into young chicks. No tumors resulted from inoculation 
of either cells or supernatant fluid from the treated cultures of the buffy 
coat. Tumors grew, however, from inoculation of the treated fibro- 
blasts even when the supernatant fluids drawn from the cultures were 
inactive; some of these fluids were rendered inactive by treating the 
infected cultures with immune serum. 

Only a few experiments were carried out with the Rous sarcoma virus, 
the data of which were not presented. The results were reported as in 
entire agreement with those described for the Fujinami virus and as 
contrary to those of Carrel in that treated monocytes showed no evidence 
of infection. 

Halberstaedter, Doljanski, and Tenenbaum (9) exposed fibroblasts 
of embryonic chick myocardium to cultures of Rous sarcoma irradiated by 
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radium to destroy the sarcoma cells. In such cultures the cells acquired 
characteristics of Rous sarcoma cultures, and the virus persisted for 6 
to 8 days and in some cultures up to 60 days after treatment as demon- 
strated by injection into chickens. In irradiated Rous sarcoma cultures 
in the absence of living fibroblasts, the virus was inactive after 48 hours’ 
incubation, as tested by injection into chickens, but in this study no 
filtered virus preparations were used to assure the complete absence of 
living sarcoma cells. 

In the latter two studies (8, 9) it was concluded that the chicken 
fibroblast is the specific tissue cell susceptible to the Rous sarcoma virus. 

In view of the limited data and the conflicting conclusions in the 
literature, it seemed desirable to repeat and amplify these experimental 
studies comparing the susceptibility of chicken fibroblasts and monocytes 
to the Rous sarcoma virus. It also seemed desirable to determine 
whether the virus continues to proliferate in the cultured tissue cells. 


GENERAL MATERIALS AND METHODS 
CELL STRAINS AND CULTURE PROCEDURES 


Chicken monocytes —Chicken monocytes were cultured from the blood 
of 1- to 2-year-old New Hampshire Red hens, a strain of chicken known to 
be susceptible to the Rous sarcoma virus. The hens were fasted for 24 
hours before bleeding. Explants of buffy coat, prepared according to 
the method described by Carrel and Ebeling (10), were placed in D-3.5 
Carrel flasks in the following experimental culture media (table 1): 


TABLE 1.—Exzperimental culture media for growth of chicken monocytes 














Components of supernatant fluid (volume percent) 
7 Substrate Serum 
Chick em- | Balanced saline 
bryo extract (Earle’s) 
Horse Chicken 

1 | Chicken-plasma clot---------- 60 0 5 35 
D0 Ge. ncn ccocecmccawen 60 0 5 35 
i. SSS ee 60 0 5 35 
2G RRS Saat 50 0} 0,1, or 5 | 50, 49, or 45 
5 ier eS ee 40 0 20 40 
6 FE gina ee 30 0 1 69 
7 Saeeen gente "See 20 0 5 75 
lt 0 eee 30 30 0 40 
9 Chiokea-piasmaa clot is cite ees 0 74 1 25 
—) , wae wees 0 50 3 47 
11 ai aad eee > SAREE: 0 30 Oor 3 70 or 67 
I a Oa er 0 30 | 0, 3, or 5 | 70, 67, or 65 
13 | Chicken-plasma clot. ---_------ 0 20 5 75 
DOF Gc rcncnaunnaoncces 0 20 5 75 
|.  _ ee a eee 0 20 5 75 























The methods for preparing chicken (hen) plasma clot, cellophane 
substrate, horse serum, chick-embryo extract, and balanced saline have 
been described (11, 12). The glass substrate on which the cells were 
grown consisted of the glass floor of the D-3.5 Carrel flask. The methods 
for preparing chicken serum are described below. 
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The culture media selected for growing monocytes in the experiments 
with the Rous sarcoma virus were numbers 8 and 12 (table 1) in pre- 
liminary experiments and number 12 (with 5 percent embryo extract) in 
the final experiments. In the last experiment a filtered embryo extract 
was used (1/3). In the preliminary experiments, the culture fluid was 
replaced by a fluid containing horse serum (medium 5, table 1) 24 to 
48 hours before supernatant fluids were to be tested for virus. 

The cells were grown in 1 ml. of culture fluid, renewed three times 
weekly. At each fluid renewal, the cultures were gassed with a humidified 
gas mixture of 5 percent CO, in air to adjust the pH of the fluid to approxi- 
mately 7.3. The transplantation procedures for cultures growing in 
chicken-plasma clot or on cellophane substrate have been described 
(11, 14). The cells growing on a glass substrate were scraped from the 
floor of the Carrel flask by means of a platinum-iridium spatula, and 
the cells suspended in culture fluid were transferred to a sterile flask 
by pipette. 

Chicken fibroblasts.—The chicken fibroblast cultures were grown from 
subcutaneous connective tissue, taken from the anterior surface of the 
thigh joint of 1- to 2-year-old hens. In the preliminary experiments, 
explants of this tissue were planted under cellophane in horse-serum 
culture fluid (medium 5, table 1) containing 20 percent chick-embryo 
extract. In the final experiments the explants were placed under cel- 
lophane in chicken-serum culture fluid (fluid 12, table 1) containing 
5 percent chick-embryo extract. 

With the exception of the two strains of cells used in the first experi- 
ment, all cell strains were derived from New Hampshire Red hens. The 
two exceptions were strains of cells derived from a Rhode Island Red 
hen and a White Plymouth Rock hen. These two cell strains were grown 
in T-60 flasks,* each containing 4 to 10 ml. of culture fluid; all other cell 
strains used in this study were grown in D-3.5 Carrel flasks with the ex- 
ception of occasional cultures transferred to T-60 flasks when large vol- 
umes of supernatant culture fluid were desired for filtration. The culture 
procedures were similar to those described for monocyte cultures. 

Chicken embryonic spleen.—Cultures of embryonic spleen were planted 
from 16-day chicken embryos. Each spleen was cut into 2 or 4 pieces, 
and one or two of these were placed in each D-3.5 Carrel flask in culture 
fluid containing serum and a relatively high concentration of embryo 
extract (supernatant fluid 5, table 1) or in fluid containing serum and a 
low concentration of embryo extract (supernatant fluids 8 or 12, table 
1). The culture procedures were similar to those described for monocyte 
cultures. 

Mouse fibroblasts.—Strain L-mouse cells of single cell origin (15) were 
cultured on perforated cellophane in D-3.5 Carrel flasks in a culture 
fluid containing horse serum and a relatively high concentration of chick- 
embryo extract (medium 5, table 1). The culture procedures were similar 
to those described for monocyte cultures. 


+ Flask design to be published. 
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Rous sarcoma cells.—Rous sarcoma tissue was obtained from New 
Hampshire Red chickens, 6 to 12 weeks of age, inoculated 7 days earlier 
in the anterior wing area with a strain of Rous sarcoma that had under- 
gone more than 100 passages in vivo.* The chickens were killed by 
cervical dislocation, and the wing was removed. ‘Tincture of metaphen 
was poured over the wing and then washed off with absolute alcohol. 
The tumor tissue was dissected and cut into explants approximately 
1X3X10mm. The tissue was planted in D-3.5 Carrel flasks in culture 
fluid containing 40 percent chicken serum or 40 percent horse serum, 
20 percent chick-embryo extract, and 40 percent Earle’s balanced saline. 
Substrates of chicken-plasma clot and perforated ceflophane were tried. 
The culture procedures were similar to those described for monocyte 
cultures. Occasionally cellophane substrate cultures were transferred 
to T-60 flasks when large volumes of supernatant culture fluid were 
desired for filtration. 


PREPARATION OF CHICKEN SERUM 


Three methods for the preparation of chicken serum were used. For 
some of the early studies of monocyte growth and for the final experi- 
ments with the Rous agent in which autogenous serum was used, the serum 
was prepared aseptically. New Hampshire Red hens, 1 to 2 years of 
age, fasted for 24 hours, were bled from the carotid artery into paraffined 
bottles. The blood was centrifuged at 870 G (1,800 r.p.m.) for 5 minutes 
in a #3 International refrigerated centrifuge. The plasma was drawn 
off and clotted in test tubes (25 X 150 mm.) each containing 2 drops of 
chick-embryo extract. Each clot was loosened by platinum spatula, 
and slipped into a 50-ml. Luer syringe fitted with a disc of 24 mesh 18-8 
stainless steel sieving. The clot was forced through the sieving by in- 
serting the syringe plunger. This mixture of serum and fragmented 
clot was then centrifuged at 1,800 r.p.m. for 15 minutes; the clear serum 
was drawn off into tubes; the tubes were sealed with rubber stoppers, 
and stored at + 5° C. 

When larger volumes of serum were needed, the aseptic procedure 
was modified. After collecting the blood aseptically, the remaining 
steps were carried out under nonsterile conditions, but refrigeration 
and time were so controlled as to eliminate complications from bacterial 
growth and toxication of the medium. The serum from 3 or 4 hens was 
pooled and sterilized by passage through a Selas filter of 03 porosity 
under 5 to 10 pounds per square inch pressure of a gas mixture of 5 
percent CO, in air. 

When even larger volumes of chicken serum were needed, a third 
procedure was used. Blood was drawn by heart puncture from 1- to 2-year- 
old hens, or occasionally cocks, at a local chicken farm. About 40 to 
100 ml. of blood were drawn from each chicken into 50-ml. Luer syringes 
fitted with 2-inch, 15-gauge needles. It was found that 1 ml. of a heparin ° 

‘ This strain was obtained originally from Dr. Albert Claude. 


4 Obtained from Hynson, Westcott, and Dunning, Baltimore, Md. 1 mg. contained not less than 60 
Toronto units. 


204096—5 2——26 
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solution containing 0.2 mg. heparin in balanced saline would prevent 50 
ml. of chicken blood from clotting. The blood from about 50 chickens 
was pooled. From 2% liters of blood approximately 1% to 1% liters of plasma 
were obtained. The plasma was processed under nonsterile conditions 
as described, except that 1 ml. of embryo extract was necessary to clot 
50 ml. of the heparinized plasma. The serum was then sterilized by 
passage through a Selas filter of 03 porosity. Each lot of serum was 
checked for bacteriologic contamination. 


Tzsts FoR ANTIBODIES IN THE CHICKEN SERUM 


In the fina] expefiments all lots of chicken serum used were tested for 
naturally occurring, neutralizing antibodies to the Rous sarcoma virus. 
For these tests a virus suspension in citrate buffer (16) (.05 M, pH 6.7) 
containing 2 percent horse serum was used as a control. For the test of 
the chicken serum, similar suspensions were prepared containing 2 percent 
of the particular chicken serum to be tested instead of horse serum. The 
mixtures were incubated for 2 hours at 37° C.; controls and unknowns 
were then inoculated into different sites on each test-chicken according 
to a balanced experimental design (17). The latent period response was 
determined for each material, and analyses were carried out to determine 
whether the test materials were significantly less active than the standards. 
No attempt was made to determine actual potency estimates, but a serum 
that lowered virus activity so as to produce a significantly longer latent 
period in the chicken than the control serum was considered to contain a 
significant amount of antibody. 


Virus TREATMENT OF CULTURES 


The method for preparing an aqueous suspension of Rous sarcoma 
virus has been described (16). For this study, the sediment resulting 
from the long centrifugation at 18,000 G was suspended in 10 instead of 
40 ml. of cold distilled water, so that the aqueous suspension was 4 times 
more concentrated than that used in the previous study (1/6). The 
aqueous suspension was diluted 1:3 with horse serum and was sterilized 
by passage through a Selas filter of 03 porosity under pressure of a gas 
mixture of 5 percent CO, in air. To the filtered suspension a volume of 
saline equal to that of the distilled water was added to adjust the osmotic 
pressure. The saline used was Earle’s saline containing double the con- 
centration of salts desired in the final concentration. Occasionally, 
chick-embryo extract was added to give a final concentration of 5 percent. 
The virus suspended in this horse-serum culture fluid was used to treat the 
cultures. All suspensions of the virus in culture fluid were tested for 
activity by chick injection. 

Directly before virus treatment, the supernatant culture fluid was 
removed from each culture, and 1 ml. of the virus suspension was then 
added. The cells were incubated for 24 to 48 hours at 37.5° C. in the 
fluid containing virus. After this interval the fluid was withdrawn, and 
each culture was returned to the type of culture fluid used before virus 
treatment. 
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Tests For Virus ActTIvITy 


At intervals after virus treatment of the cultures, whole cultures or 
48-hour supernatant culture fluids were tested for the presence of active 
virus. All tests for the presence of active virus were made by subcutaneous 
injection of the test materials into the anterior wing area of 3- to 6-week- 
old New Hampshire Red chickens. The chickens were examined for 
tumors according to a previously described schedule of examinations (18) 
for the estimation of latent periods. 

The supernatant culture fluid in which the cells had been growing for 
about 48 hours was removed from the culture aseptically by pipette and 
was transferred to a sterile vial for injection. Approximately 0.2 ml. 
of this fluid was injected into one or two chicken wings. Occasionally 
the supernatant fluids were filtered before injection. These fluids were 
drawn from T-60 type flask cultures, were centrifuged, and passed through 
a Selas filter of 03 porosity to remove any free-floating cells. 

Each whole culture was removed from the Carrel flask as for transplanta- 
tion and was introduced directly into a sterile 1-ml. syringe. The culture 
injected consisted of cells suspended in the culture fluid in which the cells 
had been growing. Approximately 0.2 to 0.5 ml. of this cell suspension 
was injected into each of two wings. 


CELL OBSERVATIONS AND PHOTOGRAPHIC RECORDS 


At least once a week, the cultures were examined microscopically, and 
any changes in cell condition or morphology were recorded. The micro- 
scopes were housed in incubator units maintained at 37.5° C. Photo- 
graphic records were made at intervals by means of the photomicrographic 
procedures previously described (19, 20) excepting that cultures were 
photographed at varying ages. 


EXPERIMENTS AND RESULTS 


CoMPARISON OF SUSCEPTIBILITY OF FIBROBLASTS AND MONOCYTES TO THE Rovs 
Sarcoma VIRUS 


Preliminary experiments.—In the preliminary experiments, strains of 
fibroblasts, each derived from a different hen, were grown in a culture 
fluid containing dilute horse serum and embryo extract. Strains of 
monocytes, each derived from a different hen, were grown in a culture 
fluid containing dilute chicken serum and little or no embryo extract. 
Occasionally both monocytes and fibroblasts were cultured from the same 
hen. 

The cultures of monocytes and of fibroblasts were treated with filtered 
suspensions of Rous sarcoma virus suspended in dilute horse serum. The 
suspension of virus was removed from each culture after a period of 24 
to 48 hours and was replaced by the type culture fluid used for growing 
the cells. The culture fluid was then renewed on the cultures thrice 
weekly. All nine virus preparations used were tested by injection into 
chickens and were found to have strong virus activity. Four of these 








1324 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


nine virus suspensions were used to treat fibroblasts and monocytes con- 
currently. To determine the period of survival of active virus in the cul- 
tures, cells or supernatant culture fluids were tested for virus at intervals 
after treatment. 

Since chicken serum, used to culture the monocytes, might contain 
antibodies to the Rous sarcoma virus (21, 22) that would inactivate virus 
present in supernatant culture fluids and possibly also prevent infection 
of the cells in vitro, an attempt was made to culture chicken monocytes 
in the absence of chicken serum or chicken-plasma clot. Twenty-three 
strains of monocytes were cultured in 15 culture media (table 1) in which 
varying concentrations of horse serum and chicken serum and substrates 
of glass, cellophane, and chicken-plasma clot were tested and compared. 
The embryo extract concentration was generally maintained at a low level 
of 5 percent or less. It was found that horse serum could not be used 
advantageously for continuous culture of monocytes as a substitute for 
chicken serum, although a glass substrate could be used to replace the 
chicken-plasma clot. The best growth of monocytes occurred in culture 
media 8 and 12 (table 1) which were used in these preliminary experiments 
testing susceptibility of the monocyte to virus infection. Most of the 
monocyte cultures were grown in chicken serum that had been pooled 
from the blood of 3 or 4 hens. 

Since chicken serum had to be used in these experiments, two precau- 
tions were taken in the virus treatment of the cells, and in the testing of 
supernatant culture fluids. Before virus treatment the chicken-serum 
medium that might contain neutralizing antibodies to the virus was with- 
drawn from the cultures, and the virus was added to the cultures as a 
suspension in dilute horse serum. Forty-eight hours before testing of 
supernatant culture fluids, the chicken-serum medium that might contain 
virus-neutralizing antibodies was withdrawn from the cultures and was 
replaced by horse-serum medium. 

The results of the preliminary experiments are summarized in table 2. 
The materials tested for virus activity were 48-hour supernatant culture 
fluids and whole cultures. Two of the supernatant culture fluids were 
filtered to remove any free-floating cells before injection. These are re- 
ferred to as “filtered fluids.” Most of the fluids injected were not filtered, 
but appeared free of cells. These are referred to as “fluids.” Some 
supernatant culture fluids were known to contain large numbers of cells 
that had been loosened from the substrate. These are referred to as 
“fluids and cells.”” In each experiment whole cultures were also injected; 
these contained the cells of the culture suspended in the supernatant 
culture fluid in which the cells had been growing. 

In 8 experiments, 12 strains of chicken fibroblasts that had been cultured 
for periods of 4 to 133 days were treated with 8 filtered suspensions of 
Rous sarcoma virus. In the first 2 experiments, 2 of 3 cell strains tested 
showed no virus activity; in the later 6 experiments, all strains of treated 
chicken fibroblasts produced sarcomas on injection into chickens. Of a 
total of 562 injections of supernatant culture fluids, cultures, or cells and 
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fluids, 461 produced sarcomas, many of which became large tumors by 
7 days after inoculation of the test materials. Of the 101 negative injec- 
tions, 58 were of the cultures or fluids from the first 2 experiments in 
which 2 of 3 cell strains tested showed no evidence of virus infection. 
The supernatant culture fluids drawn from treated chicken-fibroblast 
cultures as long as 6% months after virus treatment of the cultures pro- 
duced a high percentage of sarcomas on injection into chickens. These 
cultures had undergone approximately 87 fluid renewals and 4 trans- 
plantations. 

In 5 experiments 13 strains of chicken monocytes that had been cul- 
tured for periods of 3 to 29 days were treated with 5 filtered suspensions 
of Rous sarcoma virus. Of 142 injections of cultures or culture fluids, 18 
produced sarcomas. All but 3 of the 18 sarcomas produced resulted 
from injections made during the first week after virus treatment of the 
cultures. Each of the 3 sarcomas was produced by a culture of treated 
monocytes injected 11 days after virus treatment. The supernatant fluids 
from 2 of these 3 cultures gave negative results when injected earlier. 
The 3 cultures came from cell strains derived from 2 different hens. Of 
82 injections made later than 11 days after virus treatment, not one gave 
rise to a tumor. 

In 4 experiments, 6 strains of cells from 16-day embryonic chick-spleens 
were treated with filtered suspensions of Rous sarcoma virus. Micro- 
scopic examination of the cultures before injection revealed a predomi- 
nance of fibroblasts in all cultures grown in the culture fluid which 
contained a high concentration of embryo extract (supernatant fluid 5, 
table 1), whereas almost pure cultures of monocytes were often obtained 
from culturing the cells in culture fluids which contained a low concen- 
tration of embryo extract (supernatant fluids 8 or 12, table 1). Of a 
total of 61 injections of cultures or supernatant culture fluids from spleen 
cells, 27 failed to produce sarcomas. All 27 negative injections were of 
cultures or of fluids from cultures growing in the absence of or in low 
concentrations of chick-embryo extract, and in all of these cultures 
monocytes predominated. All 34 positive injections were of cultures or 
of fluid from cultures in which fibroblasts predominated. Injections were 
made at various times after treatment up to 27 days. The virus was 
present in both of the cultures tested at 27 days after treatment. 

To determine whether the Rous sarcoma virus might remain active in 
the presence of nonspecific living cells, mouse fibroblasts of strain L were 
treated in one experiment with a filtered suspension of Rous sarcoma virus. 
Two weeks after treatment, there was no evidence of virus activity in the 
11 supernatant culture fluids, fluids and cells, or cultures injected. 

Since 9-day chick embryos might harbor the Rous sarcoma virus if it 
were endemic among chickens, and thus serve as an extraneous source of 
virus in the culture fluid that was used on the chicken fibroblasts, 59 lots 
of untreated culture fluid containing 20 percent chick-embryo extract and 
dilute horse serum were tested for possible virus activity. All 488 
injections were negative. 
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To determine whether control untreated cultures of chicken fibroblasts 
were infected with Rous sarcoma virus, 16 supernatant culture fluids and 
29 cultures of 6 strains of untreated chicken fibroblasts were tested for 
possible virus activity. All 45 injections were negative. 

Final experiments.—In three final confirmatory experiments, monocytes 
and fibroblasts from the same hen were cultured in the same lots of a 
culture fluid designed for monocyte growth, but which also will support 
growth of fibroblasts. This culture fluid consisted of 30 percent autog- 
enous chicken serum, 5 percent chick-embryo extract, and 65 percent 
balanced saline. To eliminate the possibility of contamination of culture 
fluid with embryonic chick fibroblasts, the embryo extract was filtered 
before use in the last of these 3 experiments. All lots of chicken serum 
used in the 3 experiments were tested for antibody content. The antibody 
content was found to be not significant in all lots tested except one; in 
this one the content was just significant at the 0.05 level. 

After 4 to 6 days of growth in vitro, cultures of monocytes and fibroblasts 
were treated with filtered suspensions of Rous sarcoma virus. The three 
virus suspensions used in these experiments were tested by injection into 
chickens and were found to be strongly active. Virus activity in the 
cultures of fibroblasts and of monocytes was followed and compared for a 
period of 21 days after treatment. After the 21-day period some cultures 
of chicken fibroblasts were transferred to a culture medium containing 
horse serum (medium 5, table 1) and were carried in this type medium 
for 25 to 154 days after virus treatment. 

The results of the final experiments are summarized in table 3. Twelve 
strains of chicken fibroblasts, 3 of which were also used in the preliminary 
experiments, were treated with virus. During the 21-day period following 
virus treatment, 103 supernatant fluids, fluids and cells, and cultures of 
chicken fibroblasts were injected into chickens and produced 96 sarcomas. 
Between 21 and 154 days from the time of virus treatment, an additional 
98 supernatant fluids were injected into chickens. One of these super- 
natant culture fluids was filtered to remove any cells. All fluids produced 
sarcomas. Many of the sarcomas produced were large tumors by 7 days 
after inoculation of the test materials. After 5 months of culture and 
approximately 66 fluid renewals and 5 transplantations, the supernatant 
fluids continued to have sufficient virus to produce a large percentage of 
sarcomas on injection into chickens. 

Twelve strains of chicken monocytes, six of which were also used in the 
preliminary experiments, were treated with virus. During the 21-day 
period following virus treatment, 283 supernatant culture fluids, fluids 
and cells, and cultures of treated chicken monocytes were injected into 
chickens, and produced 38 sarcomas. Of 130 injections made during the 
first 7 days after treatment, 34 gave rise to sarcomas; of 103 injections 
made on the 11th and 14th days after treatment, 4 cultures gave rise to 
sarcomas; of 50 injections made on the 18th and 21st days after treatment, 
none gave rise to sarcomas. The 4 cultures that gave rise to sarcomas 
when injected 14 days after treatment came from the same cell strain 
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from which arose 2 cultures in the preliminary experiments that produced 
sarcomas when injected 11 days after virus treatment. These 6 positive 
cultures from the preliminary and final experiments were treated with 
the same virus suspension. The supernatant fluids drawn from the 4 
positive cultures in the final experiments gave negative results when in- 
jected 11 days after virus treatment. 

The survival of Rous sarcoma virus in the absence of living cells was 
also determined (see controls, table 3). The 3 suspensions of virus used 
in the final experiments were incubated at 37.5° C. in culture medium. 
The culture medium consisted of a cellophane substrate and a supernatant 
fluid containing equal parts of horse serum and balanced saline to which 
embryo extract was added to give a final concentration of 3 percent. 
The fluid on these control flasks was renewed thrice weekly. During the 
first 4 days after addition of virus, 18 treated fluids were injected; 12 of 
these produced sarcomas. After the 4-day period, 39 additional fluids were 
injected; none of these produced sarcomas. Virus activity in horse- 
serum culture fluid with cellophane substrate thus tended to disappear af- 
ter 4 days of incubation at 37.5° C. 

To determine the survival of Rous sarcoma virus in the presence of 
nonspecific living cells, cultures of strain L mouse fibroblasts growing in 
horse-serum culture medium (medium 5, table 1) were treated with the 
same 3 virus suspensions. Culture fluids were renewed thrice weekly. 
During the first 4 days following virus treatment, 18 supernatant fluids and 
cells, or fluids were injected into chickens; all produced sarcomas. After 
the 4-day period, from the 7th to the 21st days after virus treatment, 53 
fluids, fluids and cells, or cultures were injected; only 1 of these, an inocu- 
lum of fluid and cells, produced a sarcoma when injected 11 days after 
addition of the virus to the culture. This culture of cells was treated with 
the same virus suspension used to treat the 6 monocyte cultures that 
produced sarcomas when injected 11 to 14 days after virus treatment. 
In the presence of nonspecific, living mouse cells, virus activity thus 
persisted for 11 days in 1 culture, but did not survive longer. 

Photomicrographs of areas of representative monocyte and fibroblast 
cultures treated with Rous sarcoma virus are presented (figs. 1-4). The 
unhealthy condition of the fibroblasts in figure 4 was characteristic of 
both treated and untreated chicken fibroblasts after 4 to 6 months of 
culture in the horse-serum culture medium used. Most of the fibroblast 
cell strains studied could not be maintained in horse-serum medium for 
more than about 6 to 8 months in vitro. 


Stupy or Rous Sarcoma CuLtTuREs 


Cultures of Rous sarcoma cells were grown for comparison with cul- 
tures of infected fibroblasts. Nine strains of Rous sarcoma cells, each 
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from a different sarcoma, were planted in the following four culture media 
described earlier: 


Experimental culture 


medium Substrate Supernatant fluid medium 

aS eae Cellophane. ----_--_- 40% horse serum, 20% embryo extract, 40% 
balanced saline. 

SS 40% horse serum, 20% embryo extract, 40% 
balanced saline. 

a Se 40% chicken serum, 20% embryo extract, 
40% balanced saline. 

C—O Plasma clot. --_------ 40% chicken serum, 20% embryo extract, 


40% balanced saline. 


The most luxuriant growth of cells occurred in experimental culture 
medium C, containing chicken serum and cellophane substrate. After 
132 days and 10 transplant generations in vitro in this medium, cells on 
transplantation covered a 60 sq. cm. area of cellophane in the T-60 type 
flask in approximately 15 days. The cellophane substrate proved more 
nearly satisfactory for cell growth than did the plasma clot, since a lique- 
faction and clouding of the clot often occurred, and the size of culture was 
limited. 

The horse-serum fluid medium with either type of substrate did not 
result in completely satisfactory growth. The cells did not look healthy, 
and many cultures died. A few cultures, however, were maintained in 
horse-serum medium for 8 transplant generations and for over 200 days 
in vitro. Photomicrographs of areas of 4 of these cultures are presented 
(figs. 5-8). The first figure (fig. 5) shows the monocyte or macrophage- 
like cells that often migrated from the explant during the first few days 
of culture in any of the media tested. The other 3 figures (figs. 6-8) 
show the fibroblast-like cells that tended to replace the monocytes after 
the first week of culture. 

To determine whether the cultures of Rous sarcoma tissue could induce 
sarcomas on injection into chickens, cells or supernatant fluids were tested 
at intervals during the period of culture. The results of these tests are 
summarized in table 4. The data for cultures growing in a fluid contain- 
ing horse serum (media A and B) are tabulated separately from those for 


TABLE 4.—Results of injecting supernatant culture fluids or cultures of the Rous sarcoma 
into chickens 














Results of injections into chickens! (days in culture) 
Cultare Suid oo 11-34 53-97 151-216 
strains 
Fluids | Fluids | Filtered | Pyuids | Cultures 

Fluid containing horse se- 3 6/6 | en 11/11 6/6 

rum 
Fluid containing chicken 3 14/15 10/12 1/2 0/16 1/1 

serum 























1 The denominator represents the total number of injections, and the numerator the total number of Rous 
sarcomas obtained. 
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cultures growing in a fluid containing chicken serum (media C and D). 
A total of 23 supernatant fluids drawn from cultures of Rous sarcoma cells 
growing in horse-serum medium were injected into chickens; all produced 
sarcomas. Six Rous sarcoma cultures grown on horse-serum medium 
were injected after 7 months of growth and 7 to 8 transplantations in vitro; 
all 6 cultures produced sarcomas. 

A total of 45 supernatant fluids drawn from cultures of Rous sarcoma 
cells growing in chicken-serum medium were injected into chickens. 
Forty-eight hours before testing of fluids, the chicken-serum culture fluid 
that might contain neutralizing antibodies to the Rous sarcoma virus, was 
withdrawn from most of these cultures and was replaced by the horse- 
serum culture fluid. Tests were thus made of the horse-serum culture 
fluids. Of the 45 fluids injected, 25 produced sarcomas. One of these 
fluids that produced a sarcoma had been filtered before injection to remove 
any sarcoma cells. 

Of the 20 fluids that failed to produce sarcomas, 16 were drawn from 
cultures of Rous sarcoma cells between 151 and 190 days after virus treat- 
ment. These later cultures were grown on lots of chicken serum pooled 
from the blood of 50 hens. The earlier cultures were grown on lots of 
chicken serum pooled from the blood of 3 or 4 hens. The larger pool of 
serum would be expected to contain a higher titre of naturally occurring 
antibodies to the Rous sarcoma virus, since there would be a greater prob- 
ability of including the blood of at least 1 naturally immune chicken in 
the lot. Samples of serum used on the later cultures were therefore tested 
for antibody content. The two lots tested were found to have a highly 
significant content of antibodies that could neutralize most free virus in 
the medium. Even though the culture fluid containing chicken serum 
was replaced by one containing horse serum 48 hours before testing, no 
virus activity was demonstrable in the fluids tested. 

One whole culture that had been grown in chicken serum was injected 
after 6 months of culture and 7 transplantations in vitro; the cells had not 
lost their capacity to give rise to a sarcoma. 


DISCUSSION 


The results of this study indicate that the Rous sarcoma virus may 
remain active at 37.5° C. for as long as 4 days in a mixture of horse serum, 
balanced saline, and dilute chick-embryo extract. The virus may sur- 
vive for as long as 11 days in the presence of nonspecific living cells of the 
mouse. In the presence of chicken monocytes from the blood, the virus 
may survive in an active condition for 11 to 14 days, whereas in the pres- 
ence of chicken fibroblasts from subcutaneous connective tissue, virus 
activity may continue in the cells or in the surrounding culture fluids for 
the entire period of cell culture, which in these studies was 64% months. 
Similarly in cultures of Rous sarcoma tissue, virus activity may persist 
during the continued growth of the cells in vitro, or for a period of at least 
53 days. 

The 4-day period of survival of Rous sarcoma virus in incubated culture 
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medium in the absence of cells was longer than that reported by Carrel 
(6) and Halberstaeder, Doljanski, and Tenenbaum (9). These workers 
reported a complete disapperance of virus activity after 2 days’ incubation 
in culture medium at 38° and 37° C., respectively. In Carrel’s study, the 
medium appears to have been chicken plasma, chicken serum, Tyrode’s 
solution, and embryo extract; in the second study the medium was a 
mixture of chicken plasma and dilute embryo-extract. The longer sur- 
vival time in the present study may have resulted from the use of a horse- 
serum medium which lacked antibodies to the virus, or from the use of 
more active virus preparations. 

The survival or stabilization of the Rous sarcoma virus may be en- 
hanced by the presence of nonspecific living mouse cells. In one experi- 
ment strain L mouse cells were treated with the virus, and the culture 
fluids were tested for virus activity at subsequent fluid changes over a 
period of 2 weeks. During the first 4 days all fluids produced sarcomas. 
On the 11th day one injection of fluid containing some suspended cells 
produced a sarcoma. The mouse cells were presumably not infected since 
the mouse has never been demonstrated as a host to this virus. Although 
the data are too limited to warrant any definite conclusion, the occurrence 
of active virus in a culture 11 days after virus treatment suggests that the 
survival time of the virus may be increased by the presence of living 
nonspecific cells. 

In cultures of chicken monocytes, the Rous sarcoma virus survived for 
as long as 11 to 14 days, but no treated monocyte culture showed virus 
activity after this period. In spite of the fact that strongly active virus 
suspensions were used to treat both densely cellular and less concentrated 
cultures, and although the treated cells appeared healthy during the entire 
course of the experiment, there was no evidence of continued virus activity 
in cultures of monocytes; in fact, the influence of the monocyte on sur- 
vival of the virus was not greatly different from that of the strain L mouse 
cell. 

These results do not support Carrel’s conclusion that the chicken mono- 
cyte is the tissue cell susceptible to the Rous sarcoma virus (3, 6). In 
Carrel’s experiments, implantations of plasma clot or supernatant fluids 
from monocyte cultures were made 4 to 30 days after virus treatment; 
17 of 24 implantations produced sarcomas. Cultures implanted less than 
2 weeks after virus treatment could have contained residual virus, but 
some cultures implanted as long as 20 to 25 days after virus treatment 
also produced tumors, and thus appeared to be supporting virus growth. 

Carrel (6) noted fibroblast-like cells in many of the monocyte cultures 
that gave rise to tumors. These fibroblast-like cells were thought to be 
monocytes transformed by the Rous sarcoma virus. Since these cultures 
were receiving unfiltered chick-embryo extract, it is possible that embry- 
onic fibroblasts were introduced, became infected, and maintained the 
activity of the virus in the cultures. In the present study, filtered 
embryo extract was used only in the last experiment, but microscopic 
observation of cultures from 42 different strains of monocytes, 19 of 
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which were treated with Rous sarcoma virus, revealed no occurrence of 
fibroblast-like cells in monocyte cultures. 

Although no infection or transformation of monocytes was demonstrated 
in the present extensive series of experiments, the data available do not 
eliminate the possibility of monocyte susceptibility and transformation 
under different, as yet undefined, experimental conditions. It is possible 
that monocytes after transformation to fibroblast-like form may be sus- 
ceptible to the virus, although Carrel and Ebeling (7) state that monocytes 
transformed into fibroblasts by the virus are no longer sensitive to the 
virus and are not even a favorable medium for growth of the virus. 

Activity of the Rous sarcoma virus could be maintained in cultures 
of chicken fibroblasts derived from adult subcutaneous connective tissue 
or from embryonic spleen. Of the 21 strains of treated fibroblasts derived 
from subcutaneous connective tissue, all but 2 showed evidence of infection 
with the virus. The reason for negative results with these 2 strains is not 
clear. Supernatant fluids drawn from cultures of fibroblasts 64% months 
following virus treatment produced sarcomas on injection into chickens. 
When such supernatant fluids were filtered to remove any cells, the 
filtered fluids still showed strong virus activity. The results thus demon- 
strate that the Rous sarcoma virus survives and proliferates in cultures 
of chicken fibroblasts growing in mixtures of embryo extract and either 
dilute horse serum or nonimmune chicken serum. It ist therefore, con- 
cluded that the chicken fibroblast is susceptible to the Rous sarcoma 
virus. 

Rous sarcoma cultures were grown for study and — “a with cul- 
tures of infected fibroblasts. It was found possible to culture Rous 
sarcoma cells in the absence of plasma clot, which tends ) liquefy and 
cloud. A luxuriant growth of cells was obtained by culturin’; the sarcoma 
tissue under sheets of perforated cellophane in a fluid med@im of dilute 
chicken serum and a relatively high concentration of em oryo extract. 
Although cell growth in horse-serum medium was not entirely $atisfactory, 
some cultures were maintained in this type medium for © transplant 
generations and for a period of over 100 days. Rous sarcoga cells, as 
well as infected and uninfected chicken fibroblasts, could thus We cultured 
in the same types of medium. 

One lot of supernatant culture fluid drawn from Rous sarcoma cells 
after 53 days of culture and filtered to remove cells produced a sarcoma 
on injection. It was thus demonstrated that virus activity can be main- 
tained in cultures of Rous sarcoma tissue for at least 53 days. Unfiltered 
supernatant fluids, or cells, produced tumors when injected into chickens 
as long as 7 months after explantation, indicating that cultures of Rous 
sarcoma tissue maintain their ability to give rise to sarcomas for at least 
7 months, which was the maximum period of time investigated. 

When Rous sarcoma tissue was cultured, monocyte-like cells migrated 
from the explants during the first few days in vitro. Later these cells 
tended to disappear and to be replaced by fibroblast-like cells. Although 
pure strains of fibroblasts were not obtained in these studies, the cultured 
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cells appeared to be fibroblast-like during the period that the cells and 
supernatant fluids were tested and found capable of inducing sarcomas in 
chickens. These results, while not conclusive, appear to contradict 
Carrel’s conclusion (1, 2) that fibroblast-like cells of the Rous sarcoma 
are incapable of transmitting the tumor; instead, attention is directed to 
the fibroblast-like cell as the probable host cell of the virus in the tumor. 


SUMMARY AND CONCLUSIONS 


Strains of chicken fibroblasts and monocytes, and Earle’s strain L mouse 
cells were.treated in vitro with filtered preparations of Rous sarcoma virus. 
At intervals after virus treatment the cells or surrounding culture fluids 
were tested for virus activity by injection into chickens. Similar tests 
were made of Rous sarcoma tissue cultured in vitro. 

The results indicate that the Rous sarcoma virus may remain active 
at 37.5° C. for as long as 4 days in a mixture of horse serum, balanced 
saline, and dilute chick-embryo extract. The virus may survive for as 
as long as 11 days in the presence of nonspecific living cells of the mouse. 
In the presence of chicken monocytes from the blood, the virus may survive 
in an active condition for 11 to 14 days, but no evidence was obtained that 
virus activity continues beyond this period in treated monocyte cultures. 
In the presence of chicken fibroblasts from subcutaneous connective tissue, 
virus activity may continue in the cells or supernatant culture fluids 
for at least 6% months, which was the maximum period of time investigated. 
In cultures of Rous sarcoma tissue, activity may persist during the 
continued growth of the cells in vitro, for at least 53 days; the cells of these 
cultures were predominantly fibroblast-like. 

It is concluded from this study that the fibroblast is the tissue cell of the 
chicken susceptible to the Rous sarcoma virus. 
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PuaTE 150 


FicurE 1.—Area of chicken monocyte culture 18 days after virus treatment. At this 
time after treatment no treated monocyte culture showed evidence of virus activity. 
x 200 


Figure 2.—Area of chicken fibroblast culture 1 day after virus treatment. These 
cells were growing in fluid containing autogenous chicken serum. X 200 
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PLATE 151 


Ficgure 3.—Area of chicken fibroblast culture 21 days after virus treatment. These 
cells were growing in fluid containing autogenous chicken serum. The supernatant 
culture fluid drawn from this culture produced sarcomas on injection into chickens. 

200 


Ficgure 4.—Area of chicken fibroblast culture 135 days after virus treatment. These 
cells were growing in culture medium containing horse serum. The supernatant 
culture fluid drawn from this culture produced sarcomas in chickens. Note the 
unhealthy cell condition that was characteristic of both treated and untreated 


cultures after 4 to 6 months of growth in the culture medium containing horse 
serum, < 200 
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PLATE 152 


Ficure 5.—Area of Rous sarcoma culture after 5 days of culture. These cells were 
growing on cellophane substrate in fluid containing horse serum. Note the rounded 
monocyte-like cells. 200 

Figure 6.—Area of Rous sarcoma culture after 12 days of culture. These cells 


were growing on cellophane substrate in fluid containing horse serum. 200 
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PLATE 153 
Figure 7.—Area of Rous sarcoma culture after 28 days of culture. These cells were 
growing on cellophane substrate in fluid containing horse serum. Note the unhealthy 
condition of the cells characteristic of Rous sarcoma cells growing in horse-serum 
medium. < 200 


Figure 8.—Area of Rous sarcoma culture after 42 days of culture. 


growing in a plasma clot in fluid containing horse serum. 


These cells were 
Note the unhealthy 
condition of the cells characteristic of Rous sarcoma cells growing in horse-serum 
medium. 200 
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STUDIES ON THE NEMATODE PARASITE, 
GONGYLONEMA NEOPLASTICUM (SPI- 
ROPTERA NEOPLASTICUM), AND AVITA- 
MINOSIS A IN THE FORESTOMACH OF 
RATS: COMPARISON WITH FIBIGER’S 
RESULTS !? 


CuiaubE R. Hitcxcock, M. D.,3 and E. T. Bett, M. D., 
Departments of Surgery and Pathology, University of 
Minnesota Medical School, Minneapolis, Minn. 


Scientific controversies aid the advancement of disciplined thought, 
and many persons benefit from continued exploration of yet unsolved 
problems. It is of interest that some of Professor J. Fibiger’s scientific 
achievements in the field of,cancerresearch have been both widely acclaimed 
and persistently [criticized for over 35 years. Beginning in 1907 with 
the fortuitous discovery of thick papillomas in the forestomachs of 3 wild 
rats, Fibiger pursued his studies with the spiroptera parasite, Gongylonema 
neoplasticum,which culminated in the year 1926 when he was awarded the 
Nobel prize for his contributions to cancer research. 

So great was Fibiger’s influence in this new field during his lifetime 
that Professor Wernstedt, of Stockholm, Sweden, said on the presentation 
of the Nobel prize, “By your acute observations, you have given cancer 
research a method to continue with. You have, as only few have, stimu- 
lated this branch of research, persuaded others to build on the foundation 
you have laid, and enter the service of cancer research with work rich in 
results. Perhaps we may hope that the day will come when we thoroughly 
understand the cancer problem in its entirety; then your name will shine 
as one of the greatest, and you will always be mentioned as the pioneer 
and guide” (48). 

The first public presentation of the spiroptera work was on January 7, 
1913, with the title “Investigations Concerning a Nematode and Its 
Ability to Induce Papillomatous and Carcinomatous Tumors in the 
Ventrical of the Rat” (18). Fibiger traced the discovery of the tumors 
in three wild rats caught at a sugar refinery in Dorpat, and the laborious 


1 Received for publication March 12, 1952. 

2 This paper was presented in part at the Gastrointestinal Cancer Panel (5th Gastric Cancer Conference) of 
the Second National Cancer Conference, held in March 1952 at Cincinnati, Ohio. The work was supported by 
research grants from the Malignant Disease Research Fund, the Flora L. Rosenblatt Fund for Cancer Research, 
and the E. W. Wylie Fund for Cancer Research. 

8 Previously Senior Cancer Research Fellow, U. 8S. Public Health Service. Currently Clinical Cancer Fellow 
of the American Cancer Society, Inc. 

4 The authors wish to thank Dr. Franklin O. Wallace, head of the Division of Parasitology, University of Min- 
nesota, for his assistance in establishing authenticity of the parasites. 


204096—52 28 1345 











1346 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


step-by-step establishment of the nematode, Gongylonema neoplasticum 
asacommon agent. In collaboration with zoologist H. Ditlevsen, Fibiger 
originated and established the species neoplasticum of the genus Gongyl- 
onema in 1914 (19). The life cycle of the parasite was discovered when 
the common cockroaches, Periplaneta americana and Periplaneta orientalis, 
proved to be intermediate hosts harboring the larval form. This realiza- 
tion enabled Fibiger to pursue extensively the induction of lesions in the 
proventriculus of rats on a controlled and enlarged scale. 

In later publications Fibiger distinguishes between ‘“papillomatous”’ 
and “carcinomatous” tumors (22, 24). His microscopic diagnoses were 
repeatedly corroborated by other authoritative contemporary patholo- 
gists. Frequently, stomachs with lesions were examined in serial sections 
to avoid labeling heterotopic downgrowths of squamous epithelium as 
carcinomas. Between 1907 and 1922, a total of 84 lesions, considered 
squamous-cell carcinomas, were produced in the forestomachs of several 
varieties of rats and mice. ‘Metastases’? were present in 35 percent, 
the lungs being the most common site. One rat had a markedly enlarged 
lymph node, with several well differentiated epidermoid inclusions mani- 
festing extensive cornification. 

The mucosa of the tongue and the esophagus was also shown to harbor 
the parasite, but to a lesser degree than the epithelium of the forestomach. 
Lesions labeled invasive squamous-cell carcinomas were described in 5 
infected tongues. These were the first reports of “‘cancers’’ of the tongue 
in rodents. 

Fibiger stressed the fact that many small “cancers” were present in 
stomachs otherwise normal; that is, with a minimum degree of generalized 
hyperkeratosis or papillomatosis. Normal epithelium usually did not 
shade off into “‘cancer” tissue, but a sharp demarcation of the lesion was 
found. He emphasized a difference between the unknown process giving 
rise to the papillomas and benign downgrowths, and that responsible 
for the “malignant” lesions. 

It is also interesting that both old and young rats had these lesions in 
the squamous cells of the stmoach, and animals in good health were 
affected as frequently as those with bronchitis or pneumonia. The present 
experiments were designed to produce, if possible, lesions resembling 
those in the original Fibiger material, and to evaluate the etiologic réles 
of vitamin A and Gongylonema neoplasticum in this regard. 


MATERIALS AND METHODS 


In 1948, Dr. J. Maldonado, in the School of Tropical Medicine, San 
Juan, Puerto Rico, provided the authors with rat feces contaminated with 
Gongylonema neoplasticum eggs. Puerto Rico was sought as a prime 
source, since Fibiger had early traced the infection in Danish rats to ships 
that carried sugar from the Isle St. Croix, near Puerto Rico. Cockroaches 
of the species Periplaneta americana were allowed to eat from these fecal 
spreads, and became heavily infected with larvae. The muscles of the 
roaches contained numerous encysted larvae which were identical to 
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those of Gongylonema neoplasticum. Sprague-Dawley rats, fed the infected 
roaches, became infested with adult Gongylonema neoplasticum parasites. 
Coincident with this effort, a survey study of wild rats caught in the 
vicinity of Minneapolis revealed Gongylonema neoplasticum in 29 percent 
of Norwegian brown rats trapped at a rendering plant in New Brighton, 
a suburb of Minneapolis (table 1). A total of 170 rats from this source 
provided a continuous supply of infected animals for laboratory use. 
The wild rats, as well as tame rats, were housed in 84 specially designed, 
individual metal cages with coarse wire mesh bottoms. Coprophagy was 
kept at a minimum during feeding of vitamin A-deficient diets with this 
arrangement. Mice were maintained in double-compartment wooden 
cages, 5 mice to each side, with shavings covering the bottom. 
Cockroaches (Periplaneta americana and Blatella germanica), obtained 
from the testing laboratories of the Minnesota Department of Health, 
were maintained in a thermostatically controlled cabinet with glass-lined 
drawers, at a temperature of 80° to 85° F. Clean roaches were fed for 2 to 
3 months on rat feces containing typical Gongylonema eggs. Several hun- 
dred roaches of similar species were caught at the New Brighton rendering 
plant, and 90 percent had encysted larvae in the muscles of the prothorax, 
wings, and legs. These ‘“‘naturally” infected roaches were also used as a 
source of infection for laboratory rats. Tables 2, 3, and 4 compare the 


TABLE 2.—Classification of Gongylonema neoplasticum 





Phylum: Nemathelminthes 

Class: Nematoda 

Super family: Spiruroidea 

Family: Spiruridae 

Genus: Gongylonema First described, 1857, Molin 

Species: neoplasticum First described, 1914, Fibiger and Ditlev- 


sen; 1916, Ransom and Hall 





Synonyms: Spiroptera species, 1910-1913, Fibiger. 
Spiroptera neoplastica, 1914, Fibiger and Ditlevsen, Gongylonema 
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morphology of the New Brighton parasite with the descriptions of Gon- 
gylonema neoplasticum published by Fibiger and Ditlevsen (19), and Ran- 
som and Hall (43). At all stages of the life cycle, the new Brighton para- 
sites were similar to those originally described by Fibiger. Rats studied 
in the survey had worms imbedded in the squamous epithelium of the 
forestomach beneath the cornified cells, and occasionally extending to the 
submucosa. In figure 12 we see a collection of parasites, dissected from 
the squamous forestomach of rat GNBA 7, photographed alive in saline 
solution through the low-power microscope. Some morphologic charac- 
teristics of an adult male G. neoplasticum can be noted in figure 13. 

The life cycle was maintained in the laboratory with difficulty. In- 
fected rat feces were collected every 3 or 4 days, moistened with normal 
saline solution, and filtered through coarse gauze. After settling, the 
sediment was fed to roaches on smears kept moist with saline each day. 
Two to three months later, examination of leg muscle under the micro- 
scope revealed encysted larvae, and pressure on the cover slip would fre- 
quently release them to move about actively with an undulating motion. 
The heavily infected roaches were fed to tame rats starved for 8 hours; 
most animals readily ate the roaches. 

The following experimental and control groups of rats were established 
(table 5): 36 Sprague-Dawley rats infected with Gongylonema neoplasti- 
cum and fed a synthetic diet deficient in vitamin A; 12 wild Norwegian 
brown rats infected with G. neoplasticum and fed the vitamin A-deficient 
diet; 15 Sprague-Dawley rats infected with the parasite and fed standard 
fox-chow diet; 40 wild rats not infected with gastric parasites and fed the 
vitamin A-deficient diet; 25 Sprague-Dawley rats free of any parasites 
and fed the vitamin A-deficient diet; and 15 dilute brown mice infected 
with G. neoplasticum and fed vitamin A-deficient diet. Data and com- 
parison of results are to be noted in table 5. 

Composition of the synthetic vitamin A-deficient diet was as follows: 


NN 5s ire fash caus sp noe otters rs Ph gL Wi RS I Sao 58% 
ES EEL EERE AER TT TAF TT Sy 16% 
eT eC Tee 8.7% 
a et a, d'us erga Wii'anrnv een ow ee ae ae a 3.5% 
SS EN ee es aT eA ee MIRON Ry Hyon by 10% 
I, TE oi esis soins Raia koGiws Has ReaD Nae ORED 2.4% 
I I I eo sii ii ais eis ccnp ements Matalin wee 1.4% 
MINN Sika 3. prance ease eS ade ois aa © AO ae vas Eee 2 ce. 


After dry ingredients were blended in a McClellan batch mixer, the fat 
and viosterol were added and the crumbly mixture refrigerated. It was 
supplied to experimental animals ad libitum along with clear drinking 
water. 

Rats were fed 3 or 4 infected roaches once each week until 10 to 20 
roaches had been fed. The vitamin A-deficient diet was started shortly 


§ Purchased in 50-pound lots from the Labco Division of the Borden Co. 

* From General Biochemicals, Inc., Chagrin Falls, Ohio. 

1 From the Chicago Dietetic Supply House, Chicago, Ill. 

§ Fleischman’s Yeast, supplied by Standard Brands Inc., New York, N. Y. 
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after the first roach feeding. With frequent examinations, it was possible 
to sacrifice most rats and mice during advanced stages of vitamin A-defi- 
ciency, when weight loss was marked and the deficiency state was mani- 
fested by loose starry hair, scaly skin, and xerophthalmia. Rats infected 
with Gongylonema neoplasticum and receiving fully nutritious fox chow 
tolerated the parasites with no noticeable effects. Both infected rats and 
uninfected rats on the deficient diet evidenced signs of avitaminosis in 
the same length of time. A small number of animals in each group fed 
the vitamin A-deficient diet, received dry zweiback toast (characterized 
by the use of water and no eggs in its preparation). These rats were 
clinically indistinguishable from those on the synthetic diet alone in re- 
gard to signs of avitaminoses, but they did tend to live a longer time 
during the experiment. 

Animals were sacrificed by cervical dislocation, the stomach and 
esophagus distended with 10 percent formalin, after the duodenum and 
pharyngeal esophagus had been tied off. Specimens of lumg, liver, kidney, 
tongue, and lymph nodes were also saved for sectioning. When stomachs 
were opened along the lesser and greater curvatures, after thorough fixa- 
tion in 10 percent formalin, gross features could be readily noted, and the 
distention technique reduced the number and extent of hyperrugations. 
Strips of stomach, along with other tissues, were sectioned with paraffin 
technique and stained by hematoxylin and eosin or Mallory’s connective 
tissue stain. 

RESULTS 


Findings for all groups of rats and mice are tabulated in table 5. A 
few animals in each experiment were discarded, since they died under 
circumstances making immediate autopsy impossible; partially autolyzed 
tissues were not considered adequate for evaluation. 

Thirty-one Sprague-Dawley rats (GNNB) and 9 wild Norwegian 
Brown rats (GNBA) were infected with Gongylonema neoplasticum and 
fed the vitamin A-deficient diet. The tame rats ate the deficient diet 
for an average of 217 days, and the wild rats averaged 180 days on diet 
deficient in vitamin A. Of the Sprague-Dawley rats, 45 percent had 
more than 5 parasites in the stomach at autopsy, and 44.4 percent of the 
wild rats showed more than 5 gastric worms. Stomachs with more than 
10 parasites were found in 8 tame rats and 3 wild rats in these groups. Due 
to the small number of animals in experiment GNBA (9 wild rats), com- 
parison of specific pathologic features with group GNNB is of limited 
significance. However, since both groups were infected with G. neoplas- 
ticum and received the same deficient diet, they are combined, making a 
total of 40 animals for comparison with control groups. 

Figures 6 and 7 picture the squamous lesion in the forestomach of rat 
GNNB 65, a Sprague-Dawley strain male infected with the New Brighton 
Gongylonema by eating 7 heavily infected roaches. Vitamin A-deficient 
diet was begun at 4 months of age, and continued until death 280 days 
later. Time elapsed from the feeding of the first infected roach until 
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death was 247 days. Terminally marked weight loss was noted, accom- 
panied by severe xerophthalmia and scaliness of clear skin areas. 

Gross autopsy examination revealed a punched-out lesion with raised 
edges in the mucosa of the posterior wall of the squamous forestomach. 
Serosa opposite the lesion was dimpled and rigid. More than 10 adult 
female worms were dissected from the squamous mucosa, and several more 
were left intact in the vicinity of the lesion. There was no hyperrugation 
in this specimen, and no papillomas. Most of the epithelium appeared 
flat and smooth. Severe pneumonia and several pulmonary abscesses 
were found in the lungs. 

Microscopic examination revealed a marked disruption in the conti- 
nuity of the epithelium. Epidermoid cells over the base of the lesion are 
without normal polarity, and small epithelial strands of squamous cells 
penetrate through the muscularis mucosae into the muscularis propria 
(fig. 7). Intense inflammatory response is noted throughout the wall of 
the stomach in the area of the lesion, and some fibrosis of all layers is noted 
(fig. 7). Several isolated nests of squamous cells are surrounded by the 
dense connective tissue. No suggestion of a metastatic process is found in 
other organs. Even though this lesion has several qualifications favoring 
malignancy, it is diagnosed a benign hyperplasia and hyperkeratosis, with 
disruption of epithelial continuity and epidermoid downgrowths. 

Rat GNNB 42, a 4-month-old Sprague-Dawley male, was fed only two 
heavily infected roaches before dying suddenly. This animal received 
vitamin A-deficient diet for 65 days, and was infected with G. neoplasticum 
for only 36 days prior to death. Terminally moderate weight loss became 
evident, and the hair of the coat became coarse and stiff. Figure 8 demon- 
strates the enormous piling up of keratotic elements in the forestomach. 
Over twenty worms were dissected from the thickened epithelium; many 
more were left intact as seen in microscopic sections. Grossly, the proven- 
triculus was thick, firm, and irregular to external palpation. The lumen 
was all but obliterated by the intense accumulation of keratinized elements. 

Microscopic examination of serial sections reveals the hyperkeratosis 
with local areas of hyperplasia (fig. 9). A few invading pegs of 
squamous cells are present in the hyperplastic foci, and thickening of the 
submucosa is evident. Disorganization of epithelial elements is not as 
marked as in the lesion of GNNB 65. A diagnosis of marked hyper- 
keratosis and hyperplasia is established, with benign epidermoid cysts and 
epithelial downgrowths. 

A third Sprague-Dawley male rat, GNNB 92, was fed 4 heavily infected 
roaches at 3% months of age, and was maintained on a vitamin A-deficient 
diet for 404 days. Dry zweiback toast was provided 2 to 3 times weekly 
in addition to the synthetic vitamin A-deficient diet. Prior to death the 
coat was lusterless and coarse, and skin of the paws and tail was scaly and 
desquamating. At autopsy, 5 parasites were found in the forestomach, 
and a single large papillary lesion was present on both the anterior and 
posterior wall of the proventriculus. Figures 1, 2, and 3 demonstrate the 
lesions from the mucosal aspect, the serosal surface, and gross cross 

2040966229 
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sections. No metastases were present, and moderate pneumonitis was 
found in the lungs. 

Miscroscopic sections reveal both papillary lesions to consist of a 
thickened submucosa with multiple epithelial downgrowths. Keratiniza- 
tion is moderately increased, and large squamous epithelial pearls are 
present. Cells are well differentiated throughout, and the lesions are 
classified as benign hyperkeratotic papillomas with epidermoid down- 
growths. 

Although the number of animals in Group GNBA was small, specific 
pathologic features of autopsied stomachs compare fairly closely with 
those of the comparable Group GNNB. The wild animals had a slightly 
higher incidence of papillomas and benign squamous ulcers. Significant 
downgrowths were present in 16.1 percent of the tame rats, and in 22 
percent of the wild rats. 

When we combine these two similar experimental groups, and compare 
them with tame rats infected with Gongylonema neoplasticum but eating 
well balanced fox-chow diet (Group GR), it is evident that 70 percent of 
the rats in Group GR showed no significant reaction. No significant 
downgrowths were found in the GR experiment, but 17.5 percent of the 
rats in the combined groups GNNB and GNBA, had epithelial down- 
growths. Hyperplasia and hyperkeratosis were also noticeably absent in 
Group GR. 

Pictured in figures 10 and 11 are the gross and microscopic examinations 
of rat GNBA 6. Several glandular papillomas are present, as well as 
squamous forestomach papillomas. Pronounced edema of the submucosa 
is noted, with intense inflammation, and blunt epithelial pegs. At no 
point is the muscularis mucosa penetrated by epidermoid elements. The 
diagnosis is benign papillomatosis with squamous hyperplasia. 

No cases of massive hyperplasia and hyperkeratosis were found in the 
AW rats (wild rats uninfected with gastric parasites and eating vitamin 
A-deficient diet), and this suggests that the parasites had a definite 
additive effect to the vitamin A-deficiency in this regard. Figure 15 
demonstrates the gross appearance of a stomach (AW 27) markedly ulcer- 
ated in the squamous proventriculus, with accompanying hyperplasia of a 
mild to moderate degree. Microscopic sections reveal loss of squamous 
epithelium over the base of the ulcers, and piling up of blunt squamous 
pegs at the raised borders. No evidence of malignancy is found, and a 
chronic inflammatory infiltrate over the base of the ulcers is everywhere 
evident. Common to rats in the vitamin A-deficient regiment was an 
edema and mild chronic inflammatory reaction in the submucosa of the 
forestomach, as noted in figure 14. In many such stomachs this condition 
is generalized, and since rats infected with G. neoplasticum and maintained 
on fully nutritious diets do not demonstrate such a pathologic change, it 
appears likely that the edema is a reaction of the specific tissues to the 
deficiency of vitamin A. 

Group RAD tame rats, free of gastric parasites and on the vitamin 
A-deficient diet, are shown in table 5 to average 195 days on the experi- 











EFFECTS OF PARASITES ON FORESTOMACH 1355 


mental diet; compared with the average of 198 days for the groups pre- 
viously described. Of these animals, 90.4 percent had no significant 
reaction in the squamous forestomach, and only 9.5 percent had a mild 
hyperplasia and keratosis. If we combine experiments AW and RAD, 
to make a total of 56 rats (wild and tame) free of gastric parasites and 
receiving vitamin A-deficient diet, we note a combined average of 196 
days on the A-deficient diet. Comparison of this total with total Groups 
GNNB and GNBA shows a marked reduction in all the pathologic proc- 
esses listed in table 5 for uninfected rats. There are 66 percent of the 
AW and RAD animals with normal findings in the stomach at autopsy, 
compared with 27.5 percent for the infected animals on the same diet. 
Again, the evidence suggests an increase in severity of pathologic processes 
when Gongylonema neoplasticum is present in stomachs also affected by 
a lack of vitamin A. 

Of the mice infected with Gongylonema neoplasticum and fed on the 
A-deficient diet, 10 dilute brown strain are tabulated in table 5. Mice 
averaged 297 days on the diet, the increased time interval over the rats 
being probably attributable to coprophagia among the mice, for they were 
housed together in wooden cages. Mild hyperplasia of squamous gastric 
epithelium was present in 50 percent of the mice, and 30 percent had a 
moderate degree of hyperplasia. Only 10 percent had no reaction of 
significance. One mouse had a papillomatosis of the glandular stomach, 
but this condition is not uncommon in dilute brown mice deprived of 
vitamin A. No evidence of malignancy of the stomach was found in any 
mouse, and downgrowths were completely lacking in the forestomachs. 

Results of the survey of wild rats caught at the New Brighton rendering 
plant are given in table 1. The 97 rats are classified as follows: 36 in- 
fected with gastric parasites (37 percent), and 61 free of gastric parasites 
(63 percent). Of the infected animals, 28 had G. neoplasticum worms in 
the forestomach, and 6 had worms of the genus trichuris. Two other rats 
had an unknown parasite in the stomach. A slightly greater number of 
these wild animals, infected and eating free-forage diet, had mild hyper- 
plasia and keratosis (57.2 percent) than the same kind of rats on the 
vitamin A-deficient diet (GNBA, 44.4 percent). However, there were no 
papillomas or squamous forestomach ulcers in these free-forage-feeding 
rats. Of the 61 animals on free-forage diet and free of gastric parasites, 
96.7 percent demonstrated no significant reaction in the stomach. One of 
these rats had a mild, and a second had a moderate hyperplasia of the 
squamous epithelium. When brought to the laboratory, the wild animals 
had a sleek, fat appearance, and the presence of G. neoplasticum in the 
stomachs did not apparently influence the general health of the rats. 


EVALUATION OF FIBIGER’S ORIGINAL MICROSCOPIC SECTIONS 


Through the gracious co-operation of Professor J. Engelbreth-Holm, 
at present Director of the Anatomic Pathologic Institute of Copenhagen, 
8 microscopic slides from the original Fibiger experiments were sent to us. 
After repeated careful examination of these sections, we are unable 
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to corroborate the diagnosis of squamous-cell carcinoma in the forestomach 
tissues. Specimens of forestomachs of rats demonstrated in figures 17 
through 21, reveal excessive hyperplasia and hyperkeratosis of the squa- 
mous epithelium, with areas of marked disorganization of epithelial 
cells. Large papillomas are present, with edema and inflammatory 
infiltration of the submucosa. 

The surfaces of the hypertrophied folds and papillomas occasionally 
manifest interruptions in the continuity of the epidermoid layers, as in 
figures 22, 23, and 26. Occasionally a spur of epithelium is seen to grow 
down to the muscularis propria (fig. 19), but these give the impression 
of pushing the muscular elements aside, and not intimately invading the 
muscle layers (fig. 20). In the light of current criteria regarding the 
invasive quality required in order to consider a lesion in the rodent 
stomach malignant, these specimens seem to represent advanced benign 
processes, possibly related to the effects of vitamin A-deficiency and 
chronic irritation from several sources. 

Figure 16, from a slide published in an early paper by Fibiger (18), 
demonstrates a hair from rat fur penetrating the epithelium of the squa- 
mous forestomach. Pronounced inflammatory response has been stim- 
ulated about the foreign body. As noted in this illustration, epithelial 
elements would be apt, through such a mechanism, to penetrate into 
the deeper layers of the stomach wall as reactive downgrowtbs. The 
picture can be confusing, since not infrequently inflammatory reaction 
occurs about a neoplasm and it is indistinguishable from the conditions 
noted here. In animal work of this nature, failure to find such a foreign 
body in the presence of disturbed cellular patterns, especially with obvious 
downgrowths, tempts a diagnosis of malignancy. 

From our own material, we note in figure 14 a pronounced thickening 
of the submucosa with chronic inflammatory infiltration over a large 
segment of the forestomach. There is an accompanying hyperplasia 
and mild hyperkeratosis of the covering squamous epithelium. This 
section is from wild rat AW 33, not infected with gastric parasites, but 
fed a vitamin A-deficient diet for 262 days. Such reaction was not 
uncommon in rats eating the vitamin A-deficient diet for prolonged periods. 
We believe some of the thickening and inflammation in the Fibiger 
material is explainable on a similar basis, rather than being a reaction 
to “malignancy.” 

DISCUSSION 


Shortly after announcement of the spiroptera work in 1913, controversy 
arose over the validity of diagnosing as malignant carcinomas, forestomach 
lesions such as Fibiger had presented. The first documented criticism 
came from Bullock and Rohdenburg in 1918, when they attempted to 
prove that any severe mechanical or chemical irritant could produce 
lesions similar to the spiroptera lesions, which they considered bénign 
(7). The appearance of spiroptera-induced lesions, in some very young 
rats, was one basis for their criticisms. They presented well documented 
results of extensive experiments wherein celluloid spheres with pig-bristle 
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spines, scharlach red, pine tar, and finely ground hair had been used as 
chronic irritants in the stomachs of rats. Papillomas, hyperkeratosis, 
and occasionally superficial squamous ulcerations of the forestomach were 
reported. Hair bristles frequently were imbedded in the squamous 
gastric wall, with invasion of a spur of epithelium into the submucosa 
about the foreign body. Thread wicks coated with scharlach red, when 
passed through the stomach wall, stimulated hyperplasia of the epithelium 
and growth of cells down the wick to the serosa. Cells in all of these 
processes maintained basilar polarity and a well ordered arrangement. 

The foci of squamous cells in the single lymph node, reported by Fibiger 
to be a metastasis, were described by Bullock and Rohdenburg as hetero- 
topic epithelial arrests and not a metastatic process at all. They ex- 
plained the “pulmonary metastases” of Fibiger as a result of metaplasia 
of the bronchial epithelium accompanied by bronchopneumonia and 
pulmonary abscesses. These authors agreed that they could not dupli- 
cate lesions exactly as presented by Fibiger, but they emphasized that 
mobile, active worms imbedded in the squamous epithelium were better 
chronic irritants, acting more directly on basilar cells than nonbiologic 
materials. 

With the advent of knowledge concerning newly discovered vitamins, 
and with the surge of experimental work on deficiency states, investigators 
soon recognized additional mechanisms creating marked epithelial changes 
in the forestomach of the rat (35, 41, 46, 49, 50, 55, 56). Deficiencies in 
vitamin A, vitamin D, and vitamin B, as well as low-protein diets, and 
low-calcium and low-phosphate diets, were shown to produce hyper- 
plasia, blunt downgrowths of epithelium, and superficial squamous ulcers. 
Pappenheimer and Larimore reported such studies in 1924, and emphasized 
that their lesions were morphologically similar to those of Fibiger, but 
not microscopically similar (41). Prominent features of lack of vitamin 
A were blunt downgrowths, elevated plaques with central ulcerations, 
papillomas, edema of submucous connective tissue, inflammatory in- 
filtrate in the edematous layers, and mitotic figures in areas of active 
hyperplasia. 

They pointed out the possibility that rats in Fibiger’s laboratory were 
deficient in certain vitamins (particularly A), since a diet of only white bread 
and water was fed to the caged animals. Bread at the turn of the century 
was usually made with water, not milk, and did not contain eggs. This 
issue has been discussed as recently as 1947, when K. Secher in his biog- 
raphy of Fibiger, The Danish Cancer Researcher, Johannes Fibiger (48), 
states that bread used in Fibiger’s laboratories in 1907 had been made with 
milk. This would have provided a source of vitamins. The authors 
have had recent correspondence with members of the American Society of 
Bakery Engineers, expressing belief that bread made in Denmark in 1907 
most probably was water bread minus eggs. Secher emphasizes the free- 
forage diet the Dorpat rats had obtained in the sugar refinery where they 
were caught, and the fact that all 3 had marked lesions of the forestomach. 
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Several reports of surveys of wild rats in other parts of the world reveal 
only an occasional wild rat, infected with Gongylonema neoplasticum and 
living free, with a notable reaction to the parasites. Of a total of 750 
wild brown rats from Baracas examined by Brumpt in 1934, 40 percent 
were infected with G@. neoplasticum (300 rats), and 6 percent had papillomas 
(6). One rat had a “carcinoma” reported coexistent with a papilloma. 
No cancers resulted when rats and mice were infected experimentally 
with these parasites. 

Rats living in a sugar refinery might have a number of deficiencies in 
their diet since carbohydrates, being so readily available, would most 
likely constitute the bulk of the diet. In our own survey study, the rats 
from the rendering plant were sleek and fat, and pathologic changes in 
infected stomachs were minimal. These rats had access to carrion flesh, 
bones, fat, and refuse vegetable matter—a well balanced diet in terms of 
essential elements. 

Perhaps the explanation lies more on middle ground; a relative defi- 
ciency of vitamin A could have produced the epithelial changes noted in the 
gastrointestinal tracts of rats in Fibiger’s laboratories, but trace amounts 
may have prevented xerophthalmia which Fibiger and Secher claim was 
not present in their animals. Recent evidence supports this thesis, for we 
now know that changes in the tongue and stomach frequently appear 
much earlier than xerophthalmia in rats deficient in vitamin A (62). In 
addition, Fibiger fed 100 or more roaches to each rat, and the carapace 
of the insects probably supplied small quantities of vitamin A. In our 
experiments, only those rats infected with G. neoplasticum and fed a 
vitamin A-deficient diet developed lesions similar to those in Fibiger’s 
studies. 

Claims of squamous-cell carcinomas induced in the forestomach of rats 
with vitamin A-deficient diet alone were made in 1926 by Fujimaki (dis- 
cussed by Cramer (11)). Careful scrutiny of his lesions, however, showed 
them to be definitely benign, and no such results have since been pub- 
lished. 

Studies published by Passey, Leese, and Knox (42) in 1935 were de- 
signed to test the reproducibility of the spiroptera method of tumor 
induction. They fed white bread alone to some rats and a synthetic 
vitamin A-deficient diet to others; similar degrees of hyperplasia and 
hyperkeratosis of the mucosa resulted, with occasionally a few small 
papillomas and ulcerations. Addition of G. neoplasticum to the forestom- 
achs of the rats increased the extent and severity of the squamous mucosal 
changes. No malignancies were produced. Diet adequate in all essen- 
tial elements seemed to protect the forestomach from changes induced 
by the parasites. No illustrations of lesions produced in their laboratories 
were published. 

Another English investigator, W. Cramer, demonstrated hyperplasia 
and keratosis of the proventriculus of rats with vitamin A- and vitamin 
B-deficient diets (11, 12, 13). Avitaminosis A was the most effective 
deficiency state during experiments reported in 1924. Ten years later 
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Cramer was unable to produce similar lesions in rats using the same 
regimen of feeding. He postulated a virus as the factor possibly respon- 
sible for his earlier successes, or perhaps different susceptibilities for 
different strains of rats (he had changed strains in his laboratory). Later 
investigations have shown strain specificity to be of importance for all 
deficiency effects on the forestomach of the rat (1). 

Marked metaplasia of epithelium in the respiratory tract and the 
genitourinary tract was produced in rats fed a simple vitamin A-deficient 
diet by Wolbach and Howe in 1925 (55). The lumens of many bronchi 
were almost occluded by keratinizing cells. Rats used in these experi- 
ments failed to develop marked changes in the forestomach. Goldblatt 
and Benischek substantiated these results in 1927 and found, in addition, 
that a reduced caloric intake, coincident with a reduced vitamin A intake, 
tended to protect rats against pathologic changes from the deficiency 
state (26). 

Involvement of the rat tongue with abscesses and squamous-lined 
cavities following feeding of vitamin A-deficient diets was reported in 1929 
by Tyson and Smith (53). Inflammation surrounded the imbedded 
squamous-cell cysts in varying degrees. The importance of infection and 
hyperkeratosis in tongue lesions presented by Fibiger cannot be dismissed. 
Sherman and Munsell, in later experiments, were able to induce tongue 
lesions of mild to severe degree in 66 percent of rats on a vitamin A- 
deficient diet (49). 

Reduction in gastric mucous secretion with no change in hydrochloric 
acid secretion of the stomach of the rat was demonstrated with feedings 
deficient in vitamin A by Manville in 1933 (35). The pH in ulcerated 
(vitamin A-deficient) stomachs was 2.5 to 3.0, compared with a pH of 
3.4 in the normal rat stomach. Fogelson’s mucin, when fed to these 
rats, seemed to decrease the amount of ulceration but did not prevent 
death of the animals. 

Mechanisms of epithelial repair following a lack of vitamin A were 
presented in 1933 by Wolbach and Howe (57). Keratinized cells would 
disappear, leaving a debris, and the lower, more viable strata of cells 
reverted to cell types normal for the location. Nonviable upper epithelial 
layers disappeared by lysis. Occasionally glands affected by metaplasia 
of epithelium to a squamous type would contain cicatrices after reversion 
to a normal state, adding support to the concept of infection accompany- 
ing and increasing the severity of the reactions. 

Examination of the illustrations presented by the authors reveals 
pathologic changes as severe in most aspects as those found in the photo- 
micrographs prepared from original Fibiger slides. The technique of 
tensely inflating the isolated stomach with formalin, practiced by us, 
prevented excessive rugation of the mucosa when placed in fixative. 
Stomach walls, as seen in figures 1, 2, 3, and 10, were conveniently flat- 
tened and lesions stand out clearly, as in figures 1, 6, 8, and 10. Micro- 
scopic sections cut at right angles to the plane of the gastric wall avoided 
tangential aberrations of cellular patterns. The impression that such 
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aberrations are present in many of Fibiger’s sections cannot be dispelled 
(figs. 17 and 25). Downgrowths in figures 4, 5, and 7 are compatible with 
Fibiger’s criteria of malignancy, and epithelial disorganization with loss 
of polarity is demonstrated in figures 6 and 7. Hyperrugation of squa- 
mous mucosa with excessive infoldings adds a degree of confusion to in- 
terpretation of higher-power photomicrographs from the Fibiger tissues. 
Figures 17 through 26 emphasize the relationship of disturbed areas of 
epithelium to the stomach wall as a whole. 

The experiments described here fail to show a correlation between the 
number of parasites in the stomach wall and the appearance of noteworthy 
lesions in the forestomach. Fibiger reported, in 1914, rats with only one 
parasite in the proventriculus at the time of autopsy manifesting “malig- 
nant” change in the forestomach. Others, with many parasites, had 
only a few small papillomas or ulcers. Edema of the squamous stomach 
wall and infiltration of the submucosa with inflammatory cells were also 
described in stomachs from Fibiger’s rats (18, 19, 22). Similar changes 
were found in rats from our series, but only when the rats received a diet 
deficient in vitamin A. Substantiation of these results by other authors 
has been discussed. The occasional appearance of unexplained epithelial 
arrests in lymph nodes (Fibiger had one lymph node with nests of squa- 
mous cells), and the adequately proved squamous metaplasia found in 
bronchi of rats deficient in vitamin A, seem to argue strongly against the 
“‘metastases’”’ in nodes and lungs reported by Fibiger (18). 

The lesions presented by the present authors are benign. Pathologic 
changes appear to equal, in severity, those noted in Fibiger’s specimens 
available for our examination. Changes considered by the authors to de- 
rive from a deficiency of vitamin A are similarly noted in the Fibiger 
material. Considering the labile character of the epithelium lining the 
forestomach of the rat, and recognizing variations in the effects of numerous 
irritations upon the stomachs of different strains of rats, we consider 
Gongylonema neoplasticum an effective irritant enhancing effects of vita- 
min A deficiency upon the squamous forestomach. The corollary fact, that 
vitamin A deprivation heightens the pathologic changes attributable to 
G. neoplasticum, also appears valid. Critical experimental studies, as 
presented here to date, fail to produce bona fide malignant lesions of the 
forestomach of the rat. 

Johannes Fibiger, working in the earlier days of modern scientific 
thought, and bringing to sharp focus a broad concept of one important 
phase of cancer investigation, is remembered as a prime contributor to 
the world’s knowledge of experimental cancer. His results stimulated a 
wealth of critical investigation which has added immeasurably to the 
general body of knowledge about malignant disease. 

Whereas more recent experiments have tended to disprove the full 
implication of his results, nevertheless his pioneer work set the stage for 
focusing more light on a very interesting and important phenomenon. 
Moreover, his high purpose and unrelenting zeal for careful, painstaking 
investigation will always be appreciated by scientific men. 
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SUMMARY 


Experiments were performed utilizing the spiroptera parasite Gongyl- 
onema neoplasticum and synthetic vitamin A-deficient diet, attempting 
to produce lesions in the forestomach of the rat closely resembling those in 
J. Fibiger’s results. A nematode found in rats in a suburb of Minneapolis 
corresponds in all details to Gongylonema neoplasticum, described by 
Ditlevsen and Fibiger in 1914. Trapped wild rats were used for survey 
study and also for laboratory experiments. Tame and wild rats were 
infected with G. neoplasticum and fed a synthetic vitamin A-deficient diet. 
Controls consisted of uninfected rats (tame and wild), fed a vitamin A-de- 
ficient diet, and infected tame rats eating a nutritious diet of fox chow. 

Mild to moderate hyperplasia and hyperkeratosis of the squamous 
epithelium of the forestomach appeared in all groups of rats, but marked 
lesions with epithelial disorganization and extensive downgrowths devel- 
oped only in animals infected with the parasite and receiving vitamin 
A-deficient diet The same diet fed to uninfected rats produced ulcerations 
in the squamous stomach with edema and inflammatory reaction in the 
submucosa; these findings agree with previous results of vitamin deficiency 
studies in the rat. Infected rats receiving nutritious diet had minimal to 
no changes in the squamous forestomach. 

In 3 tame rats (infected with G. neoplasticum and fed the vitamin 
A-deficient diet), lesions appeared having features described by Fibiger in 
his ‘‘carcinomas.’’ We consider them hyperplastic, hyperkeratotic papil- 
lomas with epithelial disorganization and downgrowths. Photomicro- 
graphs of our lesions are compared with recently made photomicrographs 
of original Fibiger slides. Pathologic features such as submucous edema, 
inflammation, hyperplasia, hyperkeratosis, and tissue pattern disorgani- 
zation, common to all lesions, are emphasized. 

Evidence from the literature substantiates the concept that pulmonary 
lesions in Fibiger’s rats were in all probability metaplastic areas of respir- 
atory tract epithelium. The authors agree with Bullock and Rohdenburg, 
considering nests of epithelial cells in the one lymph node presented by 
Fibiger to be epithelial inclusions or arrests. Difficulties inherent in 
evaluation of data from experiments on the forestomach of the rat are 
created by the labile nature of the squamous epithelium found there. 
Many seemingly obtuse discrepancies are readily understood when this 
well documented fact is considered. 

The following conclusions from the present experiments were reached: 

1. All critical experiments to date using spiroptera parasite, Gongyl- 
onema neoplasticum, in the forestomach of the rat have failed to produce 
acceptable malignant lesions. 

2. Many pathologic changes in the rat forestomach described and 
illustrated by Fibiger appeared only in those rats from this experiment 
having a vitamin A-deficient diet as one experimental factor. Addition 
of G. neoplasticum infection heightens these effects. The corollary fact 
also was demonstrated, that vitamin A deficiency heightens the effect of 
the parasites. 
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3. 


The authors believe that G. neoplasticum affects the forestomach of 


the rat as a biologic chronic irritant, but producing only minimal effects 
on the squamous epithelium when present without nutritional deficiency 
effects also manifested. 
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PLATE 154 


Figure 1.—Mucosal aspect of stomach of Sprague-Dawley rat GNNB 92, maintained 
on synthetic vitamin A-deficient diet plus dry zweiback toast for 404 days. At 
autopsy, 5 parasites were present in the mucosa. Note distinct lesion on anterior 
and posterior wall. Circa X 4 


Figure 2.—Serosal surface of anterior wall of stomach in figure 1. Note evidence 
of lesion near apex, with outline of Gongylonema neoplasticum parasite in wall. Circa 
xX 4 
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PLATE 155 
Figure 3.—Gross cross sections of both lesions in figure 1. 


Note right-angle plane 
of cutting, avoiding tangential aberrations. Circa X 4 


Figure 4.—Photomicrograph of lesion on anterior wall in figure 1 


and excessive cornification with epithelial pearls. 
aris mucosa, and fibrosis and 
20 


Hyperplasia 
Downgrowths through muscul- 


inflammation of stomach wall. Benign tumor. 


Figure 5.—Lesion on posterior wall of stomach in figure 1. 


Marked downgrowth of 
cornifying squamous cells reaching the muscularis propria, which stops advancing 
border of the cell mass. 

20 


Fibrosis and inflammation of submucosa as in figure 4 
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PLATE 156 


Ficgure 6.—Squamous lesion in white rat GNNB 65, infected with New Brighton 
Gongylonema neoplasticum and fed synthetie vitamin A-deficient diet for 280 days. 
Death 247 days after feeding on the first of 7 infected roaches consumed. Ten 
adult female Gongylonema neoplasticum worms dissected from proventriculus. Note 
disorganization of epithelium with hyperplasia and keratosis. 30 


Figure 7.—Area outlined in figure 6, showing infiltrative tendeney of squamous 
downgrowths and marked fibrosis in submucosa. Lack of polarity or orderly 
cellular pattern is evident. Benign lesion. 


x 40 
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PLATE 157 
Figure 8.—Gross appearance of stomach from white rat GNNB 42, infected with 
New Brighton Gongylonema neoplasticum 36 days prior to death. 
cient diet fed for 65 days. 
remained. 


Vitamin A-defi- 
Twenty worms dissected from forestomach, but many 


Note extreme piling up of keratotic material to occlude the lumen of the 
forestomach. Circa X 4 


Figure 9.—Portion of forestomach wall in figure 8, with parasites present and massive 
hyperkeratosis. A few blunt epithelial pegs are pushing down to the fibrotic 


submucosa. Inflammatory response minimal. 


Benign hyperplasia and keratosis. 
30 
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PLATE 158 
FiGcureE 10. 


Stomach of wild Norwegian brown rat GNBA 6, naturally infected with 
Gongylonema neoplasticum in the rendering plant, and fed synthetie vitamin 
A-deficient diet for 148 days in the laboratory. A hair ball found in the glandular 
stomach produced small papillomas noted there. Note papillomas in proventric- 
ulus with ulcerations. Circa X 4 

“IGURE II. 


Photomicrograph of papilloma 


from figure 10, with Gongylonema 
neoplasticum imbedded in epithelium. Hyperplasia and squamous downgrowths 
to muscularis mucosa. Moderate inflammatory changes in submucosa. 
hyperplastic papilloma. X 30 


Benign 
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PLatTE 159 


Ficure 12.—Gongylonema neoplasticum worms dissected from the forestomach of rat 
GNBA 7. Mucosa showed only a few ulcerations after 238 days on vitamin 
A-deficient diet. Circa * 8 


FiGurReE 13. 


High-power view of male Gongylonema neoplasticum from New Brighton 
wild rat, showing tail parts and anterior end. 
pillae. 


Note spicule and small paired pa- 
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Figure 14.—Stomach of wild brown rat AW 33, not infected with gastric parasites, 
and fed synthetic vitamin A-deficient diet and dry zweiback toast for 262 days. 
Note edema and inflammation in submucosa, with areas of downgrowth. Hyper- 
plasia, hyperkeratosis, and papillomatosis also evident. X 10 


Figure 15.—Gross specimen of squamous forestomach of rat AW 27, not infected 
with parasites but demonstrating ulcerations and mild papillomatosis due to vita- 
min A deficiency. Days on synthetic vitamin A-deficient diet, 246. Circa X 4 

Figure 16.—Photomicrograph of original slide from Fibiger’s laboratory, showing 

penetration of hair as foreign body into submucosa of forestomach. 


Intense in- 
flammation, with beginning downgrowth of squamous epithelium about area of 
reaction is noted. 30 
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Figure 17.—Photomicrograph of original slide from Fibiger’s laboratory, designated 
in Zeitschrift fiir Krebsforschung, 1914, a spiroptera carcinoma at 162 days. Large 
papilloma with hyperplasia and keratosis of epithelium about area of reaction is 
noted. < 30 


Figure 18.—Higher-power view of area outlined in figure 17, showing well differen- 
tiated cells with marked cornification. Muscularis mucosa intact on stomach wall 
proper. x 45 
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Figure 19.—Photomicrograph of original Fibiger slide, described as spiroptera car- 
cinoma of forestomach of rat at 214 days (Zeitschrift fiir Krebsforschung, 1913). 
Large papilloma with blunt downgrowths of cornifying cells penetrating through 
muscularis mucosa. Moderate fibrosis of submucosa is present. > 10 


FicgureE 20.—Higher-power photomicrograph of area outlined in figure 19. Note 


inflammatory response about squamous downgrowth, and well ordered cellular 
pattern. X 45 
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PLaTE 163 


FicurE 21.—Original Fibiger slide No. 65, titled spiroptera carcinoma after 250 days 
(Zeitschrift fiir Krebsforschung, 1913). Note disorganization of tissue pattern to 
left of papilloma, and cyst of squamous epithelium separating muscularis propria. 

10 


FiGURE 22.—Higher-power photomicrograph of area outlined in figure 21. Edema 
and inflammation in the submucosa are prominent features, with hyperplasia and 
hyperkeratosis aggravated at the tip of the papilloma. X 45 
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PLATE 164 
Figure 23.—Fibiger original slide No. 16, titled spiroptera carcinoma after 76 days. 
The well differentiated clump of cells pushing into the submucosa penetrates the 
muscularis mucosa. Extensive inflammation is noted about 


the benign down- 
growth in the edematous submosa. X 16 


Figure 24.—Photomicrograph of the one lymph node containing squamous-cell 


arrests in the original Fibiger material (Zeitschrift fiir Krebsforschung, 1913). The 


authors believe it represents heterotopic epithelial arrests rather than true metas- 
tases. High power. 
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Figure 25.—Fibiger specimen, titled spiroptera carcinoma after 152 days. Note 
the excessive folding and rugation of the squamous mucosa, with one larger papilloma 
apparently taking origin from 2 sites. Tangential aberrations due to oblique 
cutting of fixed tissue seem likely here. Apparent invasion in region of blocked 
area not malignant in character. 


Figure 26.—Higher-power photomicrograph of area outlined in figure 25, demon- 


strating extensive hyperplasia and local growth of proliferating basal layer of 
mucosa. (This kind of section, without figure 25 for orientation, is confusing to 


the observer. < 45 
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Harry S. Penn, M. D., Research Associate, Department of 
Zoology, University of California at Los Angeles, Los An- 
geles, Calif. 


and 


PART II. CLINICAL EVALUATION OF A 
SEROLOGICALLY ACTIVE NONSAPONI- 
FIABLE FRACTION OF LIVER OF CAN- 
CER-BEARING PATIENTS !* 


GeorceE C. Hatt, M. D., Director, Tumor Control Centéf, 
Veterans Administration, and Assistant Clinical Professor 
of Radiology (Oncology), School of Medicine, ANDREW H. 
Dowpy, M. D., Professor and Chairman of the Department 
of Radiology, School of Medicine, Harry S. Penn, M. D., 
Research Associate, Department of Zoology, and ALBERT W. 
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fornia at Los Angeles, Los Angeles, Calif. 


PART I: PREPARATION OF A SEROLOGICALLY ACTIVE NONSAPONIFIABLE 
FRACTION OF LIVER OF CANCER-BEARING PATIENTS ‘ 


H. S. Penn 


This investigation was carried out during the course of several years. 
Part I of this paper represents the initial attempts of one of us (H. S. P.) 
to find support for the hypothesis of the existence of an endogenous car- 
cinogen, a view advanced on previous occasions by the author (1, 2, 3) 
and other investigators (4, 5,6). It was further postulated that the car- 
cinogenic factor as part of the unsaponifiable fraction of human cancerous 
and/or noncancerous tissue possesses antigenic properties. While this 


1 Received for publication March 14, 1951. 

3 Presented at meeting of the American Association for Cancer Research, Atlantic City, N.J., April 16, 1950. 

+ From the Surgical Service, Wadsworth General Hospital, Veterans Administration Center, and the Depart- 
ment of Radiology, University of California School of Medicine, Los Angeles, California. Aided by a grant from 
the U.S. Public Health Service and the Trattner Fund for Cancer Research. Reviewed by the Veterans Admin- 
istration and published with the approval of the Chief Medical Director. The statements and conclusions of the 
authors are the result of their own study and do not necessarily reflect the opinions or policy of the Veterans Ad- 
ministration. 

4 The research described in Part I of this paper was supported by a grant from the Trattner-Jewish Fund for 
Medical Research, under the auspices of a committee of which Dr. A. W. Bellamy was Chairman, 
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concept per se is not new, it is the first time as far as can be traced in the 
literature that the unsaponifiable fraction obtained from any tissue was 
used as an “antigen.” 

The classical studies of Kleinenberg, Neufach, and Schabad (7, 8), the 
confirmatory extensive investigations of Steiner (9—13) and of Hieger (14), 
and the results reported by Aptekman (15), Menke (16, 17) and Des 
Ligneris (18) leave little doubt that the lipoids obtained from cancerous 
and noncancerous tissues, May possess carcinogenic properties. In the 
present author’s laboratory an unsaponifiable fraction isolated from human 
cancerous liver showed marked spectrographic similarity to methyl- 
cholanthrene (19). These findings lend support to a hypothesis that at 
least some types of carcinogenesis are of an endogenous nature. It is 
quite conceivable that under certain pathologic conditions, the carcino- 
genic lipoids, if they exist, may be so altered as to become essentially 
foreign substances with antigenic capacities, and result in the production 
of an immune state. 

On the basis of these considerations, a program of investigation was 
instituted several years ago to determine whether a specific lipoid material 
could be isolated from human tissue, and whether sera of cancer patients 
would react in a specific manner with such an “antigen.” 

This communication deals with a method for the preparation of a frac- 
tion derived from liver of cancer-bearing patients (in the present study, 
the livers were obtained from individuals who succumbed to cancer), with 
or without visible metastases to the liver (none were hepatomas). 

This lipoid fraction when mixed under proper conditions with the serum 
of a patient having a malignant neoplasm, results in a flocculation charac- 
terized by the formation of particles and the clearance of the supernatant. 
With rare exceptions, this phenomenon is not observed in sera of “normal” 
healthy individuals. Conversely, the addition of a similarly prepared 
fraction obtained from noncancerous tissue to a positive serum will give 
a negative result. (It should be noted, however, that small quantities of 
serologically active fractions can be obtained from noncancerous tissue by 
chromatographic separation. This phase of the problem will be dealt 
with in a later report.) 


MATERIALS AND METHODS 


The following procedure is reported in the form of a protocol: Three 
livers, with no visible metastases, were obtained from autopsy material 
within 48 hours after the expiration of patients. The respective malig- 
nant disease was diagnosed as cancer of the breast, cancer of the esopha- 
gus, and bronchiogenic carcinoma (diagnoses were made by Dr. E. Butt, 
Chief Pathologist to the County General Hospital at Los Angeles, Cali- 
fornia). These livers, with a total weight of 4,080 gm. were combined, 
ground in a meat chopper and equally distributed into four one-gallon 
jars (see Flow Sheet, table 1). To each container was then added 2,500 
ml. of 0.2 percent HCl, containing 10 gm. of pepsin (Pepsin, N. F. 1:3,000, 
Parke, Davis & Co.), and then enough toluene was added to form a layer 











TUMOR LIPOIDS: PREPARATION OF LIVER FRACTION 1391 


of 25 to 30 mm. above the aqueous phase. The mixture was kept at 40° 
C., stirred daily, and maintained at pH 2 to pH 3, with 10 percent hydro- 
chloric acid, using nitrazine paper as indicator. The digestion continued 
for 14 days. At that time, the aqueous phase became distinctly clear. 
The hydrolyzed material was filtered through a Whatman #4 filter paper 
into a separatory funnel. This procedure resulted in a residue of tissue in 
the filter paper and a filtrate. The filtrate consisted of a toluene phase, 
containing lipoid material, and an aqueous phase. The aqueous portion 
was discarded. The toluene was removed at reduced pressure in a water 
bath maintained at a temperature of 90° C. The residue was then treated 
with acetone 10 times its volume. 

The tissue residue in the filter paper was then extracted twice with 1 
liter portions of acetone and mixed with the acetone solution previously 
obtained from the toluene residue. The combined acetone solutions were 
refrigerated at 4° to 5° C. for 24 hours, and filtered through a Whatman 
#4 filter paper. The precipitate was discarded. The filtrate was re- 
moved under reduced pressure by a water aspirator in a water bath 
maintained at a temperature between 75° to 80° C. The residue was 
redissolved in fresh acetone. Following this, the refrigeration and filtra- 
tion procedure was repeated twice. The final filtrate was evaporated 
under reduced pressure in a water bath maintained at a temperature be- 
tween 75° to 80° C. The total weight of the acetone soluble lipoid 
residue was 200 gm. 

The lipoid material was then hydrolyzed with 1,800 ml. of 70 percent 
ethanol containing 200 gm. of KOH by refluxing for 24 hours. At the 
end of that period the ethanol and water were removed at reduced pres- 
sure and the residue was extracted repeatedly with 2 liters of peroxide- 
free ethyl ether. The combined ether extracts were washed repeatedly 
with distilled water until the aqueous phase was neutral to nitrazine paper, 
and the ether solution clear. The ether lipoid solution was then mixed 
with 100 ml. of 0.5 percent KOH, followed by washing with water until 
the water was neutral to nitrazine paper. This was repeated twice when, 
after mixing with the ether solution, the KOH remained colorless. Fol- 
lowing this, the ether solution was then washed three times with 50-ml. 
portions of 5 percent hydrochloric acid, after which the latter was color- 
less and the ether acid interface clear. The ether was then again washed 
with distilled water until the aqueous phase reached neutrality to nitrazine 
paper. The solvent was then evaporated at reduced pressure. The 
residue was taken up in 200 ml. of freshly distilled acetone, stored at 
—5° to —10° C. overnight, and filtered through a Whatman #4 filter 
paper. The precipitate was discarded, the filtrate evaporated at reduced 
pressure in a water bath held at 75° to 80° C. and the residue redissolved 
in 100 ml. of acetone. This procedure of refrigeration and filtration of 
the acetone lipoid solution was repeated three times when there was very 
little or no precipitate following refrigeration. The amount of lipoid in 
the acetone solution was then estimated by determining the weight of 
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TABLE 1.—Tissue pepsin-hydrolysis under toluene 


Filter in — funnel 








Aqueous 
phase 
( Discard) 





Solvent removed 
at reduced pressure 


Tissue residue in 
filter paper 





Residue to acetone Extract with acetone 





| 
Combine 
Refrigerate at 
4 to 5° C. for 
24 hrs. and filter 


Ppt. Filtrate 
(Discard) 





Solvents removed 
at reduced pressure 
Redissolve in acetone 
Repeat as above until 
no precipitate is present 


Residue 


10% KOH and 70% ethanol 
Reflux for 24 hrs. 


Remove solvent 
at reduced pressure 


Residue 
Ethyl ether 


Wash with H.0 until neutral 
to nitrazine paper 


0.5% KOH 
Wash with H.0 until neutral 
to nitrazine paper 
Repeat until KOH is clear 


H.0 wash until neutral to 
nitrazine paper 


5% HCl until HCl solution is 
colorless 


H.0 wash until neutral to nitrazine 
paper 


Remove solvent at reduced pressure 


Residue dissolved in acetone 
Refrigerate for 12 hrs. at —5° to 
—10° C.—Filter 
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TaBLE 1.—Tissue pepsin-hydrolysis under toluene—Continued 





Ppt. Filtrate 
(Discard) Evaporate at 
reduced pressure 
Dissolve in 
acetone 
Refrigerate at 
—5° to —10° C. 
overnight and 
filter 
Repeat until no 
precipitate is present 


Filtrate 


To digitonin 
and filter 





Ppt. Filtrate 
(Discard) 


Remove solvent at 
reduced pressure 
Redissolve in acetone 


Filter 


Repeat last step until 
acetone solution is clear 


Remove solvent at reduced pressure 
Residue to petroleum ether 
Wash with H.O once 


70% Ethanol until ethanol 
phase is colorless 


H.0 wash. Solvent removed 


Dissolve residue in 80% 
ethanol. Refrigerate at 
4° C. overnight and filter 





Oily residue Filtrate 
(Discard) removed at 
reduced pressure 


Resiaue to 95% ethanol 
20 mg. per ml. 
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the residue after the removal of the solvent from an aliquot of the solu- 
tion. The total lipoid obtained was 13.4 gm. Four grams of the lipoid 
material was dissolved in 1,600 ml. of acetone and treated with digitonin 
according to the method of Szent-Gyérgyi (20) to remove the residual 
cholesterol. The digitonin-acetone mixture was filtered and the precip- 
itate, after washing with fresh portions of acetone, was discarded. The 
filtrate was removed at reduced pressure and the residue taken up in fresh 
acetone and filtered through a Whatman # 5 filter paper. This last step 
was repeated three times. The resultant lipoid residue (2.7 gm.) was 
dissolved in 300 ml. of petroleum ether (40° to 60° C.) and washed with 
100 ml. of distilled water. The petroleum ether solution was then washed 
10 times with 50-ml. portions of 70 percent ethanol when the ethanol 
solution became colorless. This was followed by one washing with dis- 
tilled water. The petroleum ether was then dried with Na,SO, and re- 
moved at reduced pressure. The residue (798 mg.) was dissolved in 95 
percent ethanol in concentration of 20 mg. per ml. This constituted the 
final “‘antigen.”’ 

The method described up to this point for the isolation of the serologi- 
cally active fraction was followed in the preparation of all “antigens” 
employed in the clinical evaluation series reported in Part I. This in- 
cludes the tests carried out in Dr. E. Butt’s laboratory, and in addition, 
the tests carried out in the three laboratories reported in Part II of this 
paper. Subsequently, it was found that the 80 percent ethanol soluble 
fraction of this material seemed to possess greater specificity when mixed 
with sera obtained from patients having histologically proved malignancy. 
It was this 80 percent ethanol soluble lipoid that was employed in all 
tests, with the exception of the evaluation by the three laboratories, 
reported in Part II. This “antigen” was prepared as follows: One gram 
of digitonin-treated unsaponifiable material, obtained as previously de- 
scribed, was suspended in 50 ml. of 80 percent ethanol. The suspension 
was refrigerated overnight at 4° to 5° C. and filtered in the refrigerator 
through a Whatman #5 filter paper. The ethanol was removed at 
reduced pressure over a water bath at 75° to 80°C. The residue (500 mg.) 
was then dissolved in 95 percent ethanol in concentration of 20 mg. per ml. 

In the course of this investigation, the lipoid material was obtained 
exclusively from livers of cancer-bearing patients, with or without visible 
metastases to the liver (none were hepatomas). The pathologic condi- 
tions included a wide variety of malignant growths. No attempt was 
made to isolate the lipoid material separately from any one category. 
Livers from patients who succumbed to Hodgkin’s disease or leukemia 
were not used. As a rule, serologically active material was obtained from 
most batches prepared (95 percent). For unknown reasons, however, 
the “antigen” extraction procedure was occasionally complicated (5 
percent) by the appearance of serologically inactive ethanol insoluble 
unsaponifiable fatty components in the final extract. During the early 
stages of this investigation, such an occurrence made it necessary to 
discard the entire lot of lipoid material. Later, it was found that the ex- 
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traneous inactive fraction could be separated from the active fraction by a 
chromatographic technique, a procedure which will be described elsewhere. 


PURIFICATION AND REAGENTS 


Ethyl ether: Treated with calcium hydroxide and ferrous sulfate; then 
redistilled over calcium chloride. 

Petroleum ether, C. P.: Treated with sulphuric acid, shaken, washed with 
water, and distilled over calcium chloride at 40° to 60° C. 

Acetone: Potassium permanganate, 5 gm. per liter; distilled through a 
Vigri column (110 em. high) at 56° C.; and redistilled over calcium 
chloride. 

Ethanol: Used as received from the manufacturer without any attempt 
at purification. 

Toluene: Used as received from the manufacturer without any attempt 
at purification (Merck reagent). 

The following is the procedure employed in carrying out the floccula- 
tion reaction. The recommendations made with respect to solutions 
(cholesterol and antigen concentrations) were the result of numerous pre- 
liminary experiments, and in our hands gave the most consistent results. 


Seroflocculation reaction 


I. General procedure of cleaning glassware—Test tubes and other glassware used in 
serological tests are washed in trisodium phosphate solution, then rinsed 5 times 
or more under running water, twice in distilled water, and dried in hot air oven. 
Pipettes are soaked in mild trisodium phosphate solution to which some detergent 
(Dreft) has been added. They are then placed in a mechanical pipette washer 
and rinsed through at least 20 times or more. They are then rinsed twice with 
distilled water. They are then dried under suction with C. P. acetone and ethyl 
ether. 

II. Preparation of sera.—Samples of blood are collected in the usual manner; obtained 
by venipuncture under aseptic conditions and using a dry syringe. Every effort 
should be made to prevent hemolysis, in view of the fact that hemolytic sera 
make reading of the flocculation results difficult. The clotted bloods are kept 
in refrigerator overnight. The sera are decanted and centrifuged for 10 minutes 
at 3,000 r. p.m. The cell-free sera are then transferred to clean test tubes and 
inactivated at 56° C. for 30 minutes. On subsequent occasions, the sera should 
be incubated for 10 minutes at 56° C., then cooled to room temperature (20° to 
27° C.) before using. When not in use sera should be kept in the refrigerator. 

III. Preparation of stock solutions. 

1) Stock saline 10%: 10 gm. sodium chloride (Merck for biological work) 
made up volumetrically to 100 ml. with Baxter’s distilled water (sterile) or 
double distilled water (sterile). 

2) Stock solutions for preparation of buffer solution: 

a) 0.2 M sodium acetate (C. P. analytical reagent), M. Wt. 136.07: Weigh 
analytically 6.80 gm. sodium acetate; make up volumetrically to 250 
ml. with Baxter’s distilled water (sterile). Store in glass stoppered 
bottle (sterile) in refrigerator (4° C.). 

b) 0.2 M acetic acid (C. P.): Pipette volumetrically 3.0 ml. acetic acid; 
make up volumetrically to 250 ml. with Baxter’s distilled water (sterile) 
or double distilled water (sterile). Store in glass stoppered bottle 
(sterile) in refrigerator (4° C.). 
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3) Buffer solution (for use in preparation of 0.6% saline): Pipette 12.5 ml. of 


the 0.2 M sodium acetate solution and 0.3 ml. of the 0.2 M acetic acid solu- 
tion into a 250 ml. volumetric flask; make up to volume with Baxter’s 
distilled water (sterile) or double distilled water (sterile). The pH of this 
solution should be 6.1 to 6.5. Store in glass stoppered bottle. 


4) 0.6% sodium chloride solution (buffered to pH 6.0 to 6.5): Pipette 15.0 ml. of 


or 


6 


~ 


10% sodium chloride stock solution into a 250 ml. glass stoppered gradu- 
ated mixing cylinder. Make up to volume with Baxter’s distilled water 
(sterile) or double distilled water (sterile); into this pipette 25.0 ml. of 
stock buffer solution. Mix well. Check pH periodically (weekly). Store 
at room temperature in a glass stoppered container, dispensing only enough 
for daily use into a 125 ml. Erlenmeyer flask. 

1% cholesterol stock solution: Weigh analytically 1.00 gm. cholesterol (C. 
P. Merck) and make up volumetrically to 100 ml. with absolute ethanol. 
Store at room temperature in a glass stoppered bottle. Dispense approx- 
imately 10 ml. into a small glass stoppered Erlenmeyer for daily use. 
Check cholesterol concentration every month by evaporating an aliquot 
of stock solution and analytically weighing the residue. 

Preparation of stock antigen: The dried 80% ethanol soluble fraction is 
dissolved in 95% ethanol in concentration of 20 mg. per ml. WN. B.: All 
glassware used in making any specific stock solution ts maintained for this 
specific purpose. 


IV. Procedure: 


1) 


2) 


3 


~ 


4 


— 


Equipment: 

a) Test tubes 100 X13 mm. 

b) Wire racks. 

c) 0.2 ml. serological pipette (graduated in hundredths) for each serum. 

d) 0.2 ml. Kahn pipette (graduated in thousandths) for cholesterol. 

e) 1 ml. serological pipette (graduated in hundredths) for antigen suspension. 

f) 10 ml. serological pipette (graduated in tenths), 

5 ml. serological pipette (graduated in tenths), 
1 ml. serological pipette (graduated in hundredths) for saline. 

Set up 2 rows of test tubes in a wire rack, 2 test tubes for each serum, num- 

bered #1 and #2. 

Pipette to the bottom of the tube 0.1 ml. of serum in tube #1 and 0.075 ml. 

of serum in tube #2. 

Prepare antigen suspension just prior to its use as follows: Into a clean 

test tube add in the following order: 

a) 0.016 ml. of the 1% cholesterol solution to the bottom of the tube. 

b) 0.1 ml. of stock antigen solution. 

c) 0.4 ml. of 0.6% buffered saline. Blow the saline rapidly into the solu- 
tion. 

d) Shake gently, allow to stand at room temperature for 10 minutes. 
Calculate the amount of antigen suspension needed for the number of 
sera to be tested. The above amounts give enough antigen suspension 
for 5 tests, using 0.1 ml. per tube. 

Pipette 0.1 ml. of antigen suspension into each tube (#1 and #2). 

Shake rack by hand twice, then in a Kahn shaker for exactly 3 minutes (use 

interval timer). 

Add 0.8 ml. of buffered saline to each tube. 

Place rack in 37° C. water bath for ten minutes (use interval timer). 

Centrifuge tubes for 10 minutes at 3,000 r. p. m. 

Read in diffuse light after mild agitation or “flipping.” 

Check for particles plus clearance of suspension. 

Positive: Particles and complete clearance in one or both tubes. 

Negative: Various degree of turbidity with or without particles. 
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A known positive and a known negative serum should be tested with all 
unknown sera. 

The potential specificity of the 95 percent ethanol soluble fraction was preliminarily 
investigated between 1944 and 1945 in our own laboratory (see table 2). The sera 
were obtained from a number of sources, chiefly the County General Hospital and other 
local hospitals. Sera reported under the heading of “confirmed malignancy’’ were 
documented by a brief history of the patients. The diagnoses were based entirely on 
histologic findings. Subsequently, tests were carried out by Dr. E. M. Butt, Chief 
Pathologist at the Los Angeles County Hospital (see tables 3 and 4).5 


TABLE 2.—1944-45. Penn’s laboratory results 




































































| iti | erce: | Negative | 
oni ae ae | See | | Se 

| | } 
Sera from confirmed malignancy - _ - - 238 193 81.0 45 19.0 
Normal sera (Red Cross blood donors). 992 11 3 981 98. 9 
Normal pregnancies. __...-..------| 1,021 99 we 922 90. 3 

Serologically Wassermann-Kahn 

MEINE o) Sccpucucaeseomeemowes 420 86 20. 0 334 80. 0 
ee ee 4 0 00. 0 4 100. 0 
Postoperative, nonmalignant___ -- -- 47 12 26. 0 35 74. 0 
ae ae | 2, 722 | Se £06 L........ 

| | 

TABLE 3.—1945. Butt’s results (first series) 

Malignant (proved)____......------ 90 73 81.0 17 19.0 
Nonmalignant- - - ---- -- J 103 34 32.0 69 68. 0 
TABLE 4.—1945. Butt’s results (second series) 

Category Number ot Pasiive | Percent | Negative | Parent 
Malignant (proved)_______________- 21 17 80. 0 4 20. 0 
i Ee eee > 36 10 37. 0 26 63. 0 

















Dr. Butt wrote as follows: ‘“‘The antigen was prepared by H. S. Penn, M. D., in his own laboratory. It was 
received in diluted form and the tests carried out in our serological laboratory by Miss Blakely, the senior tech- 
nician. Routine Wassermann sera were used, and in addition sera were obtained from known cancer cases. 
Doubtful tests are not included in the summary of results. Cases in which the disease or cause of death could 
not be identified were discarded. Cases which were considered to be carcinoma by X-ray examination or physical 
findings, were not tabulated. It is pertinent to point out that all cases listed in this series as having carcinoma 
have been proved by either biopsy or post mortem examination. It is interesting that one individual case 
considered not to have cancer, had a positive serological result and at autopsy a cancer was found. 

“In the first series a total of 193 sera were tested. Eighty-six gave negative reactions and 107 positive. In the 
positive series there were 73 proven carcinoma cases and in the negative series there were 17 cancer patients. The 
percentage of sensitivity was 81 percent. In the positive group there were 34 cases in which cancer was not evident. 
These included cases of pneumonia, pregnancy, tuberculosis, cirrhosis of the liver and one blood donor. This 
gives a percentage of false positive reactions of 32 percent. In the negative series there were included also cases of 
pneumonia, pregnancy, tuberculosis, cirrhosis of the liver and benign tumors. It is interesting to point out that 
the greater number of pregnancy cases had negative reactions. Two ofthe carcinoma cases with negative reactions 
had been treated with X ray previous to the performance of the test. 


§ We are indebted to Dr. Butt for his contribution to this study and it is with his kind consent that we give in 
abstract form his report and comments. 
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“In the second series of cases essentially the same results were obtained. In this series 57 tests were run, of 
which 27 were positive reactions and 30 negative tests. In the positive series there were 17 proven cases of car- 
cinoma, three pregnancies, two cases of tuberculosis and five miscellaneous diseases, infectious in character. In 
the negative series there were four carcinomas, four pregnancies and 22 cases of a variety of diseases. A total of 
21 cases of carcinoma were examined, giving 17 positive and 4 negative reactions. This indicates a sensitivity of 
80 percent associated with 19 percent false negative reactions. In the positive group, 19 were free of cancer. 
These consisted of cases of pregnancy, tuberculosis and infectious diseases. The percentage of false positives was 
37.” 


SUMMARY 


A method is described for the preparation of a serologically active 
lipoid from livers of cancer-bearing patients and/or cancerous tissue. The 
technique of carrying out the serological reaction is described. The 
hypothesis of an underlying specific immunological reaction has been 
suggested but not established by this investigation. 


Acknowledgments 


The author wishes to express his thanks to Dr. A. J. Haagen-Smit, Professor of 
Organic Chemistry, and Dr. Dan H. Campbell, Professor of Immuno-Chemistry, 
California Institute of Technology, for their valuable suggestions and criticisms, and to 
Dr. E. Butt, Chief Pathologist to the County General Hospital at Los Angeles, Calif., 
for his continued co-operation. 


REFERENCES FOR PART I 


(1) Penn, H. §S.: Inoperable malignancy. M. Rec. 142: 213-217, 1935. 
(2) Penn, H.8.: Spectra of lipoid fractions from human noncancerous and cancerous 
tissue. J. Chem. Physics 10:145-146, 1942. 
(3) Penn, H.S., and Jacossen, E. M.: A heterologous principle in human cancerous 
liver: its effect upon the Brown-Pearce tumor. J. Immunol. 54: 17-33, 1946. 
(4) Freser, L. F.: Hydrocarbon carcinogenesis. In A. A. A. S. Research Conference 
on Cancer, Washington, D. C., 1945. 
(5) Greenstern, J. P.: Biochemistry of Cancer. Academic Press, New York, N. Y., 
1947. 
Bor.tanp, E.: Chemistry of neoplastic tissue. Jn Ann. Rev. Biochem. 18: 217- 
242, 1949. 
(7) Kuervensere, H. E., Neuracn, S. A., and Scuasap, L. M.: Endogenic blasto- 
genic substances. Am. J. Cancer 39: 463-488, 1940. 
(8) ——————: Further study of blastogenic substances in the human body. 
Cancer Research 1: 853-859, 1941. 
(9) Srerner, P. E.: A cancerogenic tissue extract from human sources. Science 92: 
431-432, 1940. 


(6 


— 


(10) ——————_-: The induction of tumors with extracts from human livers and 
human cancers. Cancer Research 2: 425-435, 1942. 

(11) ———————: The incidence of a carcinogenic factor in the livers of cancer, non- 
cancer, cirrhotic, and Negro patients. Cancer Research 3: 385-395, 1943. 

(12) ——————-: A cancerogenic extract from human bile and gall bladders. Proc. 
Soc. Exper. Biol. & Med. 51: 352-353, 1942. 

(13) ——————: Cancer-producing agents from human sources: Collective review. 


Internat. Abstr. Surg. 76: 105-112, 1943. 
(14) Hrecer, I.: The examination of human tissue for carcinogenic factors. Am. J. 
Cancer 39: 496-503, 1940. 














TUMOR LIPOIDS: CLINICAL EVALUATION 1399 


(15) Aprexman, P. M., Kine, H. D., and Lewis, M. R.: Sarcoma-producing factor 
extractable from transplanted rat fibrosarcoma. Cancer Research 3: 856-857, 
1943. 

(16) Men«g, J. F.: A preliminary note on the extraction of a carcinogenic factor from 
primary human mammary cancer. Science 92: 290-291, 1940. 

(17) ———————-: Further experiments on the extraction of a carcinogenic factor from 
human cancerous tissues. Cancer Research 2:786-793, 1942. 

(18) Des Licnents, M. J. A.: The production of benign and malignant skin tumours 
in mice painted with Bantu liver extracts. Am. J. Cancer 39: 489-495, 1940. 

(19) Penn, H. S., and Kapuan, J.: Fluorescence of cancerous and noncancerous 
lipoids. Nature 160: 18-19, 1947. 

(20) Szent-Gyérey1, A. von: Die gravimetrische Mikrocholesterinbestimmung. 
Biochem. Ztschr. 136: 107, 112, 1923. 


PART II. CLINICAL EVALUATION OF A SEROLOGICALLY ACTIVE NON- 
SAPONIFIABLE FRACTION OF LIVER OF CANCER-BEARING PATIENTS 


George C. Hall, M. D., Andrew H. Dowdy, M. D., Harry S. Penn, M. D., and 
Albert W. Bellamy, Ph. D. 


The fractions isolated and employed by other workers in this field were 
ethanolic extractions of tumor and other tissues. Although numerous 
reports dealing with the flocculation reaction and other reactions appeared 
in the literature, none of these have employed the unsaponifiable fraction 
used in this investigation (3-9, 11, 14, 15). 

It has been shown in Part I of this paper that an unsaponifiable lipoid 
fraction obtainable from human liver tissue of a cancer-bearing patient 
will when mixed with sera from cancer-bearing patients give a serofloccula- 
tion reaction. The “antigen” preparation and the sera determination 
procedures utilized in this study were carried out as described in Part I, 
except for the change in “antigen” preparation already referred to there 
and which will be referred to later in this section. 


The clinical evaluation of this phenomenon was first carried out by our group in 
1948, at the Veterans Administration Hospital Center, Los Angeles, California, in 
association with the School of Medicine of the University of California at Los Angeles. 
Histopathologic diagnoses and verification were obtained from the Pathology De- 
partment, under the direction of Leo Kaplan, M. D., Veterans Administration Hospital, 
Los Angeles, California. All sera determinations reported in this paper were made on 
“unknown sera.”® The sera were designated by number as the only means of identifi- 
cation. The clinical records of all diseased patients were screened by a physician as 
indicated below. 


Selection of case category 


Cases of malignancy.—Records were reviewed and all were found to be tested prior 
to any form of treatment except the 48 cases shown in table 24. Established diagnoses 
were made by microscopic examination of tissues removed at biopsy, operation or 
autopsy. Further careful review was made of the clinical and laboratory records 
in regard to temperature, transfusions (1 week prior to testing), drug ingestion, trauma, 
and irradiation therapy. All cases whose records showed any of these influencing 
factors were designated as a separate category. 


* A term applied to sera when the diagnoses were unknown at the time the reactions were performed. 
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Normal cases.—A questionnaire was filled out by each individual at time specimen 
was taken. This record was complete as to name, age, sex, height, weight, family 
history, past history, medication, surgery, and any illness during the past 3 months. 
Only those individuals who gave positive answers in the questionnaire were then 
screened by a physician and such cases were removed from the normal group and 
placed in their classified respective categories, regardless of test results. For example, 
five so-called normal cases were found to be receiving insulin therapy at the time the 
specimen was taken (these cases were not diabetics but were normal individuals who 
were participating in a research project). These cases were removed from the normal 
group classification and placed in a group of Additional Cases Studied (table 24). 
These were the only normal individuals in the group studied who were shown by the 
screening questionnaire to be receiving such medication. Similarly, five allergy cases 
(students at the university), who were in the normal group of donors, were found to 
be taking adrenalin for asthma at the time the specimens were taken; therefore, these 
cases were classified in the group of Additional Cases Studied (table 24). These 
Additional Cases were not included with the Hospitalized Noncancerous Cases 
(table 23) because they were originally presented for the testing program as normals 
and were not hospitalized patients. It was felt that such medications as insulin and 
adrenalin might affect the seroflocculation reaction, especially since no other causative 
factors were found and previously reported investigations by Dougherty, Weil, and 
Selye in this regard have shown such influence to exist (23—26). 

Hospitalized pathologic cases without cancer.—(See table 23). All case records 
were reviewed by a physician for the established hospital diagnosis, clinical and lab- 
oratory status, and complicating factors that may influence the results of the test. 
The cases were then placed accordingly in their respective classification regardless 
of test results. 


PROCEDURE OF TESTING 


Since reactions of this nature may vary in the hands of different investigators, it 
was deemed advisable to compare the results of the seroflocculation reaction on the 
same sera in different laboratories, before undertaking a large and extensive series of 
these studies. 

In October 1948 sera from 157 cases were submitted for examination from the Gen- 
eral Medical and Surgical Hospital, Veterans Administration Center, Los Angeles, 
California, in the category of “‘unknown sera.’”’ These were distributed among the 
following laboratories: a) Dr. D. H. Campbell, Professor of Immuno-Chemistry, 
California Institute of Technology, Pasadena, California; 6) Dr. Philip M. West, 
Birmingham Veterans Administration Hospital, Van Nuys, California; and c) the 
authors’ laboratory (1, 2). The results were reported as “positive” or ‘‘negative,’”’ 
and later compared with the histopathologic diagnoses. 


95 percent ethanol-soluble fraction 


Samples of patient’s sera were obtained by venipuncture under aseptic conditions 
and using dry syringe. Every effort was made to prevent hemolysis, in view of the 
fact that hemolytic serum makes reading of the flocculation results difficult (10, 12— 
15). 

These sera were designated by numbers corresponding to the respective hospital 
records as the only means of identifying the particular sample. These “unknown 
sera” were divided into three equal portions, packed in ice and delivered to the respec- 
tive laboratories. The tests were conducted in each of the three laboratories with 
presumably identical techniques, and using aliquots of a given unsaponifiable lipoid 
fraction previously prepared in our laboratory, using the 95 percent ethanol-soluble 
fraction. The results are tabulated in tables 5 to 8. 
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In reviewing tables 6, 7, and 8 it is important to emphasize that the false-positive 
and false-negative reactions reported from the three laboratories were found chiefly 
in the same sera. For example (table 6), in the Head and Neck series, the same sera 
(S—29) was reported negative in all three laboratories and the same sera (S-185) was 
reported negative in two of the laboratories. In the lung cancer series, two sera 
(S—124, S-125) were reported to be negative by two laboratories. Of the Gastro- 
intestinal Tract series, two sera (S-178, S—198) were reported to be negative in all 
three laboratories and one serum (S—22) was reported to be negative in only one lab- 
oratory. Of the Genitourinary Tract series, one serum (S—123) was reported to be neg- 
ative in all three laboratories. Analysis of 102 nonmalignant cases reported from each 
of the three laboratories revealed that the same 20 sera were reported positive in all 
three laboratories (tables 7 and 8). Other than individual laboratory false-positive 
reactions on different sera, the same sera gave positive reactions in each of two 
laboratory-combinations (table 7). The results obtained from the three laboratories 
prompted the authors to investigate this reaction further in a larger series of various 
types of malignant disease and of other pathologic conditions. 


TABLE 5.—Results of tests performed concurrently in three laboratories 





| 


General type of disease Authors’ lab- |Dr. Campbell’s} Dr. West’s 



































oratory | laboratory | laboratory 

| 

Malignant: 
Oral cavity; head and neck_____-_-__- ae setae eae +17 +18 +17 
—2 | —1 —2 
ERE eee ny ee aye ee ee 19 | 19 19 
ie ret Se Tener Sera cakusceseeiediaata sia +10 +8 +8 
| —0 —2 —2 
Rn eae per cace aca mensemiebeall 10 | 10 10 
Conn WORE; c 5 ok 3s ee eee cccscd +14 +14 +13 
—2 —2 —3 
a Re ea ee eee | 16 16 16 
Raemenntn’ GENE. 5 ~ ec ccc ncccceceess | +9 +9 +9 
| —1 —1 —1 
ee Te | 10 | 10 | 10 
Nonmalignant disease.....-.------------------ —79 —70 | —68 
+23 +32 | +34 








SR ccictviioimnesseiedccsaveane 102 | 102 | 102 
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TABLE 7.—Tests in combination of three laboratories (October 1948) 

















Analysis of positive tests of 102 
nonmalignant cases 
Sera 
Authors’ | Campbell’s| West’s 
laboratory | laboratory | laboratory 
a i aaa a a a al 20 20 20 
Different sera: Single laboratory results_____._.._---_-- 1 i i 9 
Same sera: Postive in Authors’ laboratory and Camp- 
SS SEE eee 1 1 0 
Same sera: Positive on Authors’ laboratory and West’s 
ET eS LE 1 0 1 
Same sera: Positive in Campbell’s laboratory and West’s 
NN a aac cv ecuaocwesenek nano mas oeeanare 0 4 4 
WS oe oa ete eee re eeu ee eee 23 32 34 











TABLE 8.— Tests in combination of 3 laboratories (October 1948) 





Analysis of positive tests (+) of 102 nonmalignant cases 

















Authors’ laboratory Campbell’s laboratory West’s laboratory Remarks 
le a ee S-2 (+) Glau- | 8-2 (—)_------ Positive in one labora- 
coma tory. 
Be 6 Fn ne ee ceutwuns S-3 (+) Frac- | 8-3 (—)-_------- es 
ture 
2 eS ee S-—4 (+) Nevus_.| S—4 (—)__-_-_--- 
S-17 (+) Varicose veins_| S-17 (+)-_------ S-17 (—)-_------ Same sera positive in 
two laboratories. 
tC) eee ee S-36 (—)_------ S-36 (+) Frac- | Positive in one labora- 
ture tory. 
S-37 (+) Psoriasis - ---- 8-37 (+)-_------ S-37 (+)_------ Same sera positive in 
three laboratories. 
S-39 (+) Hepatitis____- 8-39 (+)-.------ S-39 (+)_____-- ” 
S—41 (+) Tuberculosis__| S—41 (+)-_------ S—41 (+)_-_---- = 
S-42 (+) Rheumatoid | S-42 (+)-_------ S-42 (+)_--_--- ” 
arthritis 
S—44 (+) Colitis... __- 8-44 (+)_------ S—44 (+)...-.-- oe 
S—46 (+) A. S. Ht. D*__| S-46 (+)-_---_-- S—46 (+)____--- ” 
i 2) Dera S-48 (+) Lym- | 8-48 (—)-_--_-_-- Positive in one labora- 
phadenitis tory. 
| err S-49 (+) Ton- | S49 (—)__-__--- sis 
sillitis 
S-50 (—)____---------| S50 (+) Ton- | S-50(—)-_------ sos 
sillitis 
ee €) kok S-52 (+) hernia_| S—52 (+)_------ Same sera positive in 
two laboratories. 
S-55 (+) Cirrhosis-_- --- S-55 (+)_------ S-55 (+)------- Same sera positive in 
three laboratories. 
| eee S-56 (+) Hem- | 8-56 (+)-_--_---- Same sera positive in 
orrhoids two laboratories. 
S-57 (+) Diverticulitis_| S—57 (+)-_------ 8-57 (+)------- Same sera positive in 
three laboratories. 
S-58 (+) Fracture----- S-58 (+)------- S-58 (+)_-.----- - 
BOP 09)... onesccesnse 4 ), A. 8S. | S-59 (+)------- Same sera positive in 
two laboratories. 
B60 (—).. .......25.- $60 es} A. S. | 8-60 (+)------- ” 
4 SS S62 rs a ae S-62 (+) A. S. | Positive in one labora- 
Ht. D.* tory. 
S-65 (+) Diabetes --_-_- 8-65 (+)-.------ S-65 (+)------- Same sera positive in 
three laboratories. 


See footnote at end of table. 





1404 





JOURNAL OF THE NATIONAL CANCER INSTITUTE 


TABLE 8.—T'ests in combination of 3 laboratories (October 1948)—Continued 





Analysis of positive tests (+-) of 102 nonmalignant cases 





Authors’ laboratory 


Campbell’s laboratory 


West’s laboratory 


Remarks 





8-67 (—)..-..- 

8-97 (+) Duodenal 
ulcer 

8-98 (+) Duodenal 
ulcer 

8-101 (—)__-_-- 

S-113 (+) Cirrhosis- --- 

SS eae 

ee 

8-142 (—)___- nalts 


S-—147 (+) Temperature 
102° F. 


S-149 (+) 4 days post- 
operative hernia. 


8-156 (+) A. S. Ht. D*¥- 

S—161 (+) Hemorrhoids-_ 

8-179 (+) Duodenal 
ulcer. 

S-180 (+) A. S. Ht. D*_ 

S-182 (+) Ulcerative 
colitis 

S-186 (—)__-_-- 

2 OS) 

S-191 (—)__-_-- ‘ 


S-207 (+) Bronchiec- 
tasis 
S—208 (+) Tuberculosis_ 


Total positive: 23_ 
Percent positive: 22.54_- 


| $-67 (+) Hem- S-67 (—) 


Positive in one labora- 




















orrhoids tory. 
S-97 (+)-_-- S-97 (+)-_-- Same sera positive in 
three laboratories. 
8-06 (+)..----- 5-06 (+)....--- 
__| S-101 (—)____--| 8-101 (+) Frac- | Positive in one labora- 
ture tory. 
S-113 (—)__---- S-113 (—)__-_--- 34 
S-122 (—)__--_-- S-122 (+) Hy- ” 
pertrophic 
prostate gland 
S-141 (—)-_.---- S—-141 (+) Duo- a 
denal ulcer 
S-142 (—)__---- S-142 (+) Ap- = 
pendicitis 
S-147 (+)-_----- S-147 (+)_---__| Same sera positive in 
three laboratories. 
S-149 (+) ----- S-149 (+)__-__- = 
S-156 (—)__---- 8-156 (+)------ Same sera positive in 
two laboratories. 
S-161 (+)__--_-- S-161 (+)__---_- Same sera positive in 
three laboratories. 
S-179 (+)_.----| S-179 (+)------ = 
S-180 (+)__.--- S-180 (+)___--- ” 
S-182 (+)------ S-182 (+)____-_- “ 
S-186 (—)__.___| S-186 (+) Ap- | Positive in one labora- 
pendicitis tory. 
S-190 (—)___--- S-190 (+) Gas- 
tric ulcer 
S-191 (—)_----- S-191 (+) Bron- ° 
chiectasis 
S-207 (+) -- S-207 (+)_..-_-| Same sera positive in 
three laboratories. 
S-208 (+)------ S—208 (+)----- i 
32 34 
31. 37 33. 33 | Average percent= 
29.08. 





* Arteriosclerotic Heart Disease. 


Eighty percent ethanol-soluble fraction 


Subsequent to the three laboratory studies (October 1948), a single procedural 


change resulted in an improvement of the specificity of the isolated fraction. 


It was 


found that the 80 percent ethanol-soluble fraction, mentioned and described in Part I 
as @ procedural change in production of the ‘‘antigen” and referred to above in this 
section, produced a more sensitive and specific “antigen.” 


The clinical evaluation 
reported in the remainder of this paper was performed with this “antigen.” 


Be- 


cause of the small yield of ‘‘antigen’”’ in any one extraction and the volume of work 
undertaken in these studies, the supply of multiple ‘‘antigens’’ used were rapidly ex- 
hausted, and deterioration was not a problem. Of the many “antigens’’ prepared by 
the procedure outlined in Part I and used in this study, piloting showed very little 
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variation in their performance characteristics and no significant distinctions could be 
drawn among them. Criteria for a minimally acceptable performance of an “antigen” 
in our work reported is as follows: an ‘‘antigen’’ was considered satisfactory for use if 
there was 90 percent agreement on the sera from known positive cancer cases and 
less than 5 percent false-positive reactions in known normal sera. Piloting was carried 
out first on 3 to 5 known positive and known negative sera, and if satisfactory a larger 
known pilot series was used which was made up of 12 to 24 known positive and known 
negative sera. When we were able to accumulate a larger number of sera, a known 
pilot series of 100 sera were used on many of the various batches of ‘‘antigen’’ for a 
period of 4 months. It was found that pilot results obtained on such a larger series 
were essentially the same as obtained with a smaller pilot series consisting of 12 to 24 
known sera. In the light of this experience with this particular ‘‘antigen’’ we feel 
confident in determining its satisfactory or unsatisfactory qualities on a 12 to 24 pilot- 
series. In each determination group of ‘‘unknown” sera, there was always included a 
known positive and known negative serum for control. The reading of the reaction 
is subjective but the range of subjectivity in readings has not been such as to interfere 
greatly with the correct classification of the sera. In the present work, there is no 
category of doubtful reactions. A positive in either tube is a positive, and everything 
else is called negative. Table 9 categorizes the 4,399 cases evaluated in the second 
group of cases studied. 


TABLE 9.—General categories of individuals studied 








TE WI ion oo ck ca wdte mun darawancniduecses 998 
Histologically verified cases of cancer...............-.-.--.-------.-- 830 
Hospitalized pathologic cases without cancer__-_---.---------------- 2, 435 
PE NS iis innniccicadatuanenceeecacseaweteenee ee 136 

gE cee a ee eR aE Se ROTI eet Min ee er ge ee ne 4, 399 











RESULTS 
Normal healthy individuals 


Sera were obtained from 998 employees of the Veterans Administration 
Hospital Center, and a group of students at the University of California 
at Los Angeles. These individuals were required to have a yearly physical 
examination and, therefore, were assumed to be “healthy.” Special 
questionnaires but no physical examinations were employed to verify 
this assumption. The age groups and the results of the seroflocculation 
reaction may be found in table 10. It should be noted that sera were 
obtained from 97 individuals in the fasting state. 

A personal history, in addition to the questionnaire, was taken on the 
9 individuals giving a positive reaction, 5 of which showed no history of 
malignancy, evidence of other diseases, or factors that might influence 
the test. The remaining 4 individuals whose sera gave a positive reaction 
included 2 cases having histories of postoperative carcinoma of the breast 
within the last 3 years, 1 case of postirradiated carcinoma of the cervix, 
and 1 case of active epithelioma of the nose. No additional examination 
was obtained for this group. 


204096—52——_88 








1406 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


TABLE 10.—Normal healthy individuals 











Total : 
Group number of ~—- a Remarks 
Fasting stomach_-_-_---- 97 0 0.0 
Age, 20—40 years: 
A ES 328 2 .6 | No cause found. 
| REE eee 141 0 0. 
Age, 40—60 years 
Se eee 190 3 1.6 | No cause found. 
OO eae 242 4 1.6 | 2 Postoperative carcinoma of 
the breast; 1 postirradiated 
carcinoma of the cervix; 1 
epithelioma of the nose. 
Seen ae 998 19 .9 

















15 cases from the history alone revealed no causative factor. 4 cases from personal history included 3 cases 
previously treated for carcinoma during the past three years, and 1 case of verified epithelioma of the nose. 


Cases of verified cancer 


Sera from 830 individuals with histologically proved cancer gave 
positive reactions in 98.6 percent. Only patients tested before surgical 
or radiological treatment of their cancers were included in this group. 


Tables 11 to 21 show the various types of cancer studied and the results 
of the reactions. 


TaBLeE 11.—Cases of verified cancer 
































Type of malignancy Total number! Positive —— 
a a a a ek 90 88 97.8 
a 34 34 100. 0 
ES EE Oa ee ree 173 172 99. 4 
_- SSS eee RR See eae res 112 110 98. 2 
a a ee 41 40 97.6 
SD I nn ccennncdseeiumann 45 45 100. 0 
Gastrointestinal__-__- Coates atuiea aranteresimuuame sen 114 113 99. 1 
SS Sar re eeennare Saeki anne 105 102 98. 1 
tee al eS a i 42 42 100. 0 
Rica cccakendkokanhascseuwneuensed 74 72 97.3 
RARE ey tase tee ae em 830 818 98. 6 

TaBLE 12.—Cancer of the skin 
Category of cancer Total number} Positive test | Negative test 
OS EA ee ae OE RTE 46 45 1] 
a 31 30 2] 
Sa eae 13 13 0 
ida tan eee ati a secant celebs eet ts neice 90 88 2 
(97. 8%) 














1 Case #D-1058—(D. R.): Squamous-cell carcinoma in situ of nose. 
3 Case #D-503—(W. J.): Basal-cell carcinoma of auricle. 
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The clinical value of any test as an adjunct in the detection of cancer 
depends in part upon the earliest stage of cancer at which the test is 
positive. Using an arbitrary grading system from 1 to 4 evaluation as 
indicated in table 22, the 830 cases of cancer were classified and the 
seroflocculation reactions tabulated. As would be expected in an institu- 
tion such as the General Medical and Surgical Hospital of the Veterans 
Administration Center in Los Angeles, only relatively few cases were 
studied at the time their cancerous growths were in an early stage. The 
data of table 22 indicate that the seroflocculation reactions show approx- 
imately the same percentage of positive reactions in each of the four 
clinical classifications. 


TABLE 13.— Malignant melanomas 



































Category of tumor bee Logg | Positive test | Negative test 

Melanoma: (malignant)... -...............----- | 34 34 0 
I dich dss Seatac ora ool so gad ee 34 34 0 

(100. 0%) 
TaBLeE 14.—Head and neck malignant neoplasms 

Category of tumor bee mmaies | Positive test | Negative test 

a a See ty ee Tee ee 13 13 0 
Carcinoma of the floor of mouth. __-___.__------ 15 15 0 
5 Ee ee eer 17 17 0 
ee es meet 3 3 0 
DET Hi ae winnicddnnndiannntawaanmuamee 4 4 0 
po Ee ee a nee eee 11 1l 0 
| RE Ce ae ee Re: ler ae ee 11 11 0 
EERIE NOTRE arenes 6 6 0 
REN Ae Te A 6 6 0 
ES aT EE ES Ee 29 29 0 
cE ee ee ere 5 5 0 
NES ae ee eee ae 11 11 0 
ESSA Ae a ae 5 5 0 
EE ee cep ee ee 1 0 1 
Malignant melanoma of the eye____..---------- 3 3 0 
| GRRE ORGS AS ite IS aI eet RS 1 1 0 
ES SEE ESTEE IE LE 2 2 0 
EEE EE TREE OSE LE 11 11 0 
tS ees ae Se 4 4 0 
a a a a 1 1 0 
EEE NEEDLES LA OIE. 1 1 0 
Anipem of ental boue...........-..26-<ncss+- 4 +t 0 
Jl RE ee ee ee ee 7 7 0 
eer eee. ee eee 2 2 0 
ia cictiticaann bas cnucak eae 173 172 1 

(99. 4%) 














1 Case #D-468—(E. G.): Carcinoma in situ. 
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TABLE 15.—Tumors of the chest 
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Total number 








Category of tumor of cases Positive test | Negative test 
ER TE RT te ae EES 93 91 12 
EEE EE SS RE Et 19 19 0 
| See eee en ce ae een ne eee etn 112 110 2 

(98. 2%) 














1 Negative test with positive pathology. Case #B-90 (L. C.), and Case #E-657 (K. R.). 


TaBLeE 16.— Tumors of the breast 





Category of tumor 


Total number 
of cases 


Positive test 


| Negative test 





Female breast 
Male breast 








39 38 11 
2 2 0 
41 1 





40 
(97. 6%) 








1 Case #D-1026 (E. K.). 


TABLE 17.—Tumors of female pelvic region 





Category of tumor 


Total number 


Negative test 





























| of cases | Positive test 
SNS chividariitlendekiecinknnbmdeweneaeaa ued 2 20 0 
EES LL SORE NA RTE i8 18 0 
0 EE eee ae 4 4 0 
Ti acta aie sae cee ee oe ae ra 3 3 0 
a dancin cn gta antiicennin ean brabus ane 45 45 0 

(100%) 

TABLE 18.—Malignant tumors of the gastrointestinal tract 
Category of tumor —_— aw Positive test | Negative test 
i i ince car acta cietmly acd amma ua eaten 32 32 0 
a aren ee ee 27 26 1] 
EE EEE A NONE TENET! 19 19 0 
SERS REN ae SS RITE SRR SSS 13 13 0 
SSR a Sars ES et Pe eo 8 8 0 
ES a RS ees ie 6 6 0 
I os aiid caicain toshiba manic 4 + 0 
a a a 2 2 0 
a eae 2 2 0 
ESERIES RR ie ae ee pene 0 1 1 0 
EE ee ee ae eee 114 11 1 

(99.1%) 














1 Case #B-50 (W. S. R.). 
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TABLE 19.—Malignant tumors of the genitourinary tract 
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Category of tumor = joel Positive test | Negative test 
Eee AOI EAE EIST ENC YN 43 42 1] 
SS CN sg oa necieecumenenueemaciexeaewe 32 30 12 
DR ein deren cmecasneckoocnsesndemne maw 15 15 0 
; Ee a nine sedbicemape eae adaa aan 14 14 0 
PE ctnwcevdvenntdbaaiowcenese ww aamee 1 1 0 

 aweccseepinnseueeecesceeoneueds 105 102 3 
(98.1%) 











1 Negative test with positive pathology. Case #D-383 (G. B. C.)., #C-49 (E. P.)., and #D-388 (A. R.). 


TaBLE 20.—Malignant tumors of bone 





Category of tumor 


Total number 


Positive test 


Negative test 





























of cases 

a ee ei eea Rael 28 28 0 
NE NN ices neanncnnmacuca nue 8 8 0 
Osteogenic sarcoma._......-.------------- — 4 4 0 
CIN a5 oe icecunccdacamecudinmmsonn 2 2 0 
I ioe co icead tho akwnsaiecdaneaie 42 42 0 

(100%) 

TaBLE 21.—Lymphomata 

Category of tumor —_ manae Positive test | Negative test 
I le ial sats ale 33 33 0 
Myelogenous leukemia-_----.......-....-.--.-- 19 19 0 
DE SONI os oe eens aernwennemcee. 12 11 ae | 
a ee ee 10 9 a] 
TI iso seca rdsentas satan aac oaitiokeenadnle 74 72 2 

(97.3%) 














1 Negative test with positive pathology. Case #D-606 (J. A.), and #D-991 (T. K.). 


TABLE 22.—Clinical classification of all cases of cancer having positive biopsies 











Clinical Total ti Percent 
Positive ; 
st be : sit 
(Grade) of cases | Teaction | Poctions 
#1 | Local lesions; no symptoms-_----------------- 138 134 97. 10 
#2 | Local lesions; symptoms, no metastases___----- 230 226 98. 26 
#3 | Local lesions; symptoms, metastases; amenable 
Oe TE rte neiainereneea eam aes 346 345 99. 71 
#4 | Generalized carcinomatosis; terminal palliative 
a en La 116 113 97. 41 
WR a ieee oui eae eee 830 818 98. 6 
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Hospitalized cases without cancer 


Sera from 2,435 individuals hospitalized for noncancerous conditions 
gave a positive reaction in 12.7 percent (table 23). In the absence of 
evidence to the contrary, these cases must be classified as “‘false-positive”’ 
reactions. The greatest offenders were sera from patients with the following 
diseases: rheumatoid arthritis, liver disease, active tuberculosis (approx- 
imately one-quarter of the active tuberculosis cases came from the Vet- 
erans Administration Hospital in Los Angeles, and the remaining ones 
from San Fernando Veterans Administration Tuberculosis Hospital), 
syphilis, and multiple sclerosis (the multiple sclerosis cases came from 
another institution as presumably clearcut cases of this disease without 
complicating factors). 

Of the twelve noncancerous categories studied, all of the case with the 
exception of pregnancy and syphilis were hospitalized cases. The cases 
of arthritis, liver disease, tuberculosis, etc., as well as pregnancy gave 
10 to 35 percent “false-positive” reactions. Cases of endocrine disturb- 
ance, cardio-renal disorder, etc., gave no “false-positive” reactions. 


TABLE 23.—Hospitalized cases without cancer 











Total Percent 
Diagnosis of cases number of —- veut” 
cas reactions 
EE ee 112 40 35. 7 
RS ies RIE A ae Ronee nem ener eee 128 35 27.3 
EE ae ne ae Co ee RES 130 30 23. 1 
a a a ete cask ero alae 500 89 17.8 
I rikinics castncbsqandnecaciancesecke mane 31 5 16. 1 
I OS Sy a ia Sando aaa gialwmmaeamae 1, 021 99 9. 7 
I oe sce aan meaaed 65 4 6. 2 
I ids ite elds niu ik rai ea pala wee 119 6 5. 0 
tab nenbeweniaukue 158 0 0 
EELS: EAE SSSR peer aeene 25 0 0 
I ite ih si 9b ap oe ta sls utah aan ow alma 20 0 0 
Trauma: (postoperative: 12+ days)...-.------------- 126 0 0 
| RRR ER RE Re ne ee Sea eR | 2, 435 308 12. 7 














1 Not-hospitalized cases at time of determination. 
Additional cases studied 


One hundred and thirty-six cases from whom sera were studied in our 
series were not included from their respective categories because of com- 
plicating factors such as: trauma, febrile conditions, irradiation (16-22), 
certain medication (such as salicylic acid, estrogens, etc., that resulted in 
“false-positive” reaction or “false-negative” reaction. These cases that 
were found to have various factors which conceivably could influence the 
flocculation reaction were classified as Additional Cases Studied. Cases 
showing so-called “false’”’ reactions should be observed for a longer period 
of time to ascertain definitely the absence of malignant disease since in, 
the experience of the authors, this reaction has been shown to give positive 
reactions in early stages of the disease. This factor is shown by the num- 
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ber of early malignant cases studied in grade 1 lesions (table 22). A 
thorough investigation was made of these individuals (table 24). 


TABLE 24.— Additional cases studied 











Total | Positiv 
Type of case number | Soe Remarks 
Normal individuals with fasting 5 5 | On insulin at time of study. 
stomach. 
II ich a dio siienaniaansaate 59 59 | All 1-12 days postoperative or 
postirradiation. 
ee ene eee 5 5 | Adrenalin medication at time 
of study. 
Verified carcinoma on acety] sali- 19 17 | Drug effect. 
cylic acid therapy. 
Carcinoma (verified), postopera- 48 0 | All 1-12 months postoperative 
tive or postirradiation. or postirradiation. 
en ee arene CS ee 














Five positive reactions were found in patients having a normal fasting 
stomach, and five allergy cases receiving insulin or adrenalin gave positive 
reactions. These results may be due to medication (23-26). 

Previous investigations have shown that actyl-salicylic acid medication 
interferes with the antigen-antibody reactions. This interference is 
believed to be due to the inactivation of the antibody, or to the fact 
that the circulating antibodies are kept at a low level presumably through 
an affect on the antibody-forming mechanism (27—31). The present 
authors found previously that some malignant cases who were receiving 
acetyl-salicylic acid medication gave false-negative reactions. As a 
special study of this, nineteen patients having verified cancer whose sera 
initially (before having been given such medication) gave a positive 
reaction were placed on four grams of acetyl-salicylic acid daily for 3 
days. They were retested after 3 days of medication. Sera from two 
of these individuals gave negative results (table 25). These two cases 
gave positive reactions 48 hours after the medication was discontinued. 
They continued to show a positive reaction for 4 weeks, tests being made 
once a week during that time. 

The sera from 59 cases of trauma taken 1 to 12 days postoperatively 
gave a positive reaction (23—26). As a result to this finding a special 
study was made of the effect of trauma on 14 patients clinically diagnosed 
as nonmalignant. A seroflocculation test was made preoperatively 
. and every 24 hours postoperatively. A negative reaction occurred after 
8 days on the average (table 26). Serum 7-10, clinically diagnosed as 
benign prostatic hypertrophy, gave a positive reaction preoperatively 
and continued to show a positive reaction postoperatively. The his- 
topathologic diagnosis of the tissue removed at surgery was reported on 
the twelfth day to be carcinoma of the prostate gland. 
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TABLE 25.—Study of acetyl-salicylic acid ingestion 
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Premedi- | Medicatio 
Case No. Diagnosis cation re- ne 
Sf! == TN a a + os 
ss Carcinoma of stomach... --.....------------- _ - 
CS eee NE — + 
D-47* ........| Carcinome of sigmoid colon...........-..------ + _ 
Se en Ee nn wackeseneen — _ 
OS ae Careinoms of left ornit........ ......-.....-3---- a. s 
D-109__....._| Bronchiogenic carcinoma_-------------------- + + 
a ee es GF WINN, Wn cS cee caceccess + 
- Sea ae ee a 
ee Ce GE DROEOUN.... . 26 on ce cnc ence oe sus + ~ 
, ee Bronchiogenic carcinoma----_---.------------ ~ = 
ae NN ES ee een + ~ 
- EEE 
Sar: Carcinoma of urinary bladder----------------- + + 
) — ae oa el enim imamaleaieen | os oa 
: |. Sa Carcinoma of prostate gland_-_____------------ + oo 
SS Carcinoma of prostate gland_____------------- ; + a 
co =a Carcinoma of urinary bladder-_---------------- | + | + 
D-572_...---- Carcinoma of prostate gland_-___-----.-------- * | * 
1 Acetyl-salicylic acid, 4 grams daily for 3 days. 
3 Negative reaction 72 hours postmedication. 
TABLE 26.—Effect of operative trauma 
Reaction Reaction, 
' D is 8 . | 24 hours | Reaction, 
Case No. iagnos urgery — Postopera- days 
| | 
 —— Inguinal hernia__._-- Herniorraphy - - - - -- - } oo + | —7 
; ae Inguinal hernia___--- Herniorraphy - - - - - - - ; o— + —6 
. Duodenal ulcer___.--| Gastric resection - - - -| _- + —10 
: ae Inguinal hernia__-_---- Herniorraphy - - -- - - - _ + —6 
, Multiple abscess of | Excision and_ skin — + —3 
buttocks. graft. 
,. = Inguinal hernia---_- Herniorraphy - - - - - - - - + —3 
» . ee Cholelithiasis - - - - - -- Cholecystectomy - --- _ + —15 
= Anal fissure_-------- Fissurectomy - - - - -- - _ + —6 
: i Hemorrhoids__......| Hemorrhoidectomy - - — + | —6 
T-10__-_ | Prostatic hypertrophy_| Trans-urethral resec- + + | +12 
tion. 
T-11____| Prostatic hyper- | Trans-urethral resec- - + | —10 
trophy. tion. | 
T-12___-_} Diverticulitis. __-__-- Colon resection - - - - - _ + —12 
T-13___ | Cholecystitis._.._...| Cholecystectomy - --- - _ | —7 
T-14_..-.| Gastric ulcer (bleed- | Gastric resection ---| — _ —10 
ing). | 
pS: Si eee ee ee | eg aieacbackoes | ee See 8 











A study of the potency of sera was carried out on 16 cases of verified 
An initial flocculation reaction was obtained, the sera then 


cancer. 


kept refrigerated, and seroflocculation reactions were determined weekly. 
The average number of days of serum-potency was found to be 135.25 
One serum (D-461) became negative on the 116th day (table 27). 


days. 
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TABLE 27.—Study of potency of serum 














Serum No. Diagnosis Bo 
ee ene | Carcinoma, urinary bladder__..--.------------ 161+ 
A PERE aee | Carcinoma, urinary bladder___..........------ 161+ 
ees | Ce CI 159+ 
J ae Carcinoma, prostate gland__._.-_.-----_------ 157+ 
, a Carcinoma, prostate gland__._.._....--------- 157+ 
a eee SS RAE patra eee a mee Ee 147+ 
Sao Carcinoma, uterine cervix. -----.-.----------- 133+ 
a, Bronchiogenic carcinoma. -------------------- 124+ 
- [aaa Carcinoma, urinary bladder____--_.-_--------- 124+ 
aes Ee ene 124+ 
SS See OU Ee ee eee 124+ 
ee ee ee eee eee 124+ 
| Re Bronochoigenic carcinoma -_-___.__------------ 122+ 
| 2 It os oes nanmeneee 116— 
See Bo ee Se eerie enenes seen 116+ 
i ertintneno2ecnnl Si) A ektecatnneesinaeeieenkeninn 115+ 

CE iccnkcancwike bonaeeeen oes 135. 25 





1 Sera kept refrigerated. 
DISCUSSION 


Studies to date indicate that the unsaponifiable lipoid fraction obtain- 
able from human liver tissue of cancer-bearing patients properly mixed 
with sera from patients with untreated cancer, gives a very high percent- 
age of positive seroflocculation reactions. Conversely, the sera from 
“normal healthy” individuals produce a very low percentage of positive 
reactions. 

The sera of patients suffering from a variety of pathologic disorders 
other than cancer—namely, rheumatoid arthritis, liver disease, active 
tuberculosis, syphilis, and multiple sclerosis—give a relatively high per- 
centage (16—36%) of ‘false-positive’ reactions. Other conditions such 
as trauma and fever may affect the flocculation reaction. In the experi- 
ence of the present authors, a fever of 101° F. or more exerts a definite 
effect on the seroflocculation reaction, although no statistical data were 
obtained to support this view. Present information is incomplete; but 
there are indications that certain medications affect the reaction unfa- 
vorably. 

The results herein reported on the seroflocculation reaction using the 
unsaponifiable fraction obtained from cancerous tissue are of fundamental 
interest. The high incidence of positive reactions obtained in cases of 
verified cancer and the low incidence of positive reactions in “normal” 
individuals make a negative reaction of “normal” sera highly significant. 


SUMMARY 


This report is based on the analysis of seroflocculation reactions in 
6,257 individuals, including 1,234 cases of cancer. The “antigen,” as 
prepared in Part I of this paper (with modification as noted) as an un- 
saponifiable lipoid fraction of liver of cancer-bearing human beings, was 
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utilized over a period of 6 years in a total of five different laboratories 
and showed the following degree of specificity of the test: 


1) 


2) 


3) 


4) 


5) 


6) 


1944-45—H. S. Penn’s laboratory, Los Angeles: 238 cases of cancer: 
193 positive, 45 negative, or 81.0% positive reaction; 992 normal sera: 
11 positive, 981 negative, or 1.1% positive reaction; 471 nonmalignant 
patients: 98 positive, 373 negative, or 20% positive reaction. 
1945—E. M. Butt’s laboratory, Los Angeles County General Hospital: 
First series of 193 sera: 90 cases of cancer: 73 positive, 17 negative, 
or 81% positive reaction; 103 nonmalignant cases: 34 positive, 69 
negative, or 32% positive reaction. Second series of 57 sera: 21 cases 
of cancer: 17 positive, 4 negative, or 80% positive reaction; 36 non- 
malignant cases: 10 positive, 26 negative, or 37% positive reaction. 
1948—D. H. Campbell’s laboratory, California Institute of Technology 
(October 1948): 55 cases of cancer: 49 positive, 6 negative, or 89.1% 
positive reaction; 102 nonmalignant cases: 32 positive, 70 negative, 
or 31.37% positive reaction. 

1948—P. M. West’s laboratory, Veterans Administration, Birmingham 
General Hospital (October 1948): 55 cases of cancer: 47 positive, 8 
negative, or 85.46% positive reaction; 102 nonmalignant cases: 34 
positive, 68 negative, or 33.33% positive reaction. 

1948—Veterans Administration Los Angeles Hospital, authors’ labora- 
tory (October 1948): 55 cases of cancer: 50 positive, 5 negative, or 
90.9% positive reaction; 102 nonmalignant cases: 23 positive; 79 
negative, or 22.54% positive reaction. 

1948-50—Tumor Control Center, Veterans Administration Los Angeles 
Hospital Center: (Total sera, 4,399) Examination of sera from 830 
individuals with histologically proved cancer gave 98.6% positive re- 
actions. Examination of 998 ‘‘normal”’ individuals resulted in 0.9% 
positive reactions. Subsequent check revealed 3 cases to have had 
treatment for cancer in the past 3 years and 1 case had an active 
epithelioma of the nose. Sera from 2,435 individuals hospitalized for 
noncancerous conditions gave 12.7% positive reactions. These are 
probably ‘‘false-positives.”” Evaluation of the capacity of this sero- 
flocculation reaction to detect malignant tumors is based on histo- 
logic verification of the test cases of cancer. 
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